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v FOREWORD

This $190,600 Spa;%lndustnahzauon Study was performed under NASA Contract NAS8-32198

_ for Marshall Space Flight Center from September 1975 through April 1978 The study was in two
parts Part | identufied the potential goals for space industniahization and developed and assessed
evolutionary program options for realizaticn of ‘hose goals, Part 2 defined program support

denunds, evaluated and detined the leading prograra options, ard developed recommendations for
program smplementation The study results gie documented in four volumes

i Ixecutive Summary

2 Space Industnialization Background, Needs, and Cpportuaitses

3 Space Industnahization implementation Concepts

v

4 Appendixes

The Rochwell study mmanager was Mr C L Gould Other key Rockwell participants were A D.
Nasanowskr and TS Logsdon Additional support was provided by D B Anderson, C R Gerber,
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University, University ol Alabama, o  Dr Keny Jocls
Pomona, CA 1hntsville, AL

NASA/ Ames Research Center, CA

The study was pertormed under the technieal direction of CC Priest, Marshall Space Fhght
Center Mr 1 von Puitkamer was the overall program muanager at NASA Headdguurters, Ot'hc|c of
spece Transportation Systems Major contrbutions were also made at speciyl working group
mectings by the tollowing

o Andrew Adelmun ©  Bonme Dunbar ©  Barbara Murx Hubbard
18M Ruchwell International Comnuttee tor the Future,
®  Dr Bertrand Chatel @ lredrick Durant 11 Washington, D€
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INTRODUCTTON
o

This volume of the Space Industrialisation study deals mostly with the
methods f3r selecting the most viable program optiors and the techniques
whereby the hardware is develored and integrated into a series of functioning
systems in a reascnable time frame and in accordance with realistic eost
estimates. -

In,the initial sections of this volume, we will define six separate progren
options and then we will set up a cormon sense selection process to narrow down
tne list to che best candidates, as seen from the viewpoint of the Rockwell
analysis team. VNext, we will wmesh these selections with similar results thst
wera developed by Science Applications, Inc. (SAI) — which flowed from a
parallel study using roughly parallcl methods. The final result is & set of
three plans for future exploitation of the space frontier. Each sepurate plan
hinges largely on the decision and timirg for go-ahead on the SPS project.

Hardware elements in various-seclinrs oxr space are then discussed ia

éufficient depth to provide a definitici of the major functional elements and”

the malor operations, These elezgnts includa:

a, Shuttle-Tended and Space-Base Facilities

o+ Spuace Processing Facilities

c. Geosynchronous Orbit Facllities

d. High Inclination Orbit Facilities

e. SPS Development Activities

f. Data Relay Satcllites

g. Lunar Facilities and Operations

h. Transporcation Hardware
Once these eclements have baen defined to a reasonsble level of detail, we will
present cost ecstimates for the various herdware elements and programmatic plans
for thé installation and operation of the principal units in the three separate
plans. Finally, all necessary supporting research and technology plans will

be advanced with emphasis on the neer-term developments that will lead in the
diraction of the envisionad plans,

INITIAL PROGRAM OPTIONS AND LVALUATION

Our approach to develcping an encompassing range of program options was to
formulate a set of varying philosopﬁiea stemming from general future trends.
Three futures were evaluated:
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1, Near-term orientaticn decision-making -
2. Long~term orienistion decision-making

3. Basic environmental change (35-year cold period,
e.g., a little tce age)

Each of these futures results in one or more possible decision options for
future generations. In keeping with the goale of the study, we developed a
total of s.v program options (as sketched in Figure ). As can be seen, the
Foresight futuve results in two program opticns; one oriented around inter-
national cooperation and the other oriented around leadership at the geosyn-
chronous vroit. In addition, the future commonalicy option results from an
extraction of those elements that are common to all three of the other futures.

The s1Xx program options shown in Figure 1 are discussed in the next six
paraygraphs,

1, DCEEDIATE CRPISIS-ORIENTED PROGRAM — In accordance with this optioa,
the publi. views our countiy as having so many pressing problems
that they Ao not feel they can justify sacrificing today for a
better tomorrow. In general, the space program and other long~lead
time cgvortucities will be postponed continually unless they have
s crisis aura. Business will do what shows near-term payoff, and
governrent will support what scems to be a near-teim solution to a
recopn.ced fmmediate crisis., As the future evolves, new crises
will precipitate various space program solutions, but in each case

_only those opportunities that can be accomplished quickly will be
included.

SPACE INOUSTRIALIZATION PROGRAM OPTIONS (DRIVIRG PHILOSOPHN

L IMMEDIATE CRISIS-ORIENIED FROGRAM —-———-ﬂ}*

|
9 INTERRATIONAL SPACF
-~ PRUCRAM

2 TORESICHY PROGRAM

. 6 GFOSYNCHRONOUS ORBIT
LEADEASHIP - USA

3 REACTION PROGRAM - LITRE IC[ A ————1—

S

4. BASIC PROCRAM - FUTURLS COMMONALITY

Pigure 1. Space Industrialization Program Options

m e 3 e mim e e—————— - - - -
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v 2. FORESIGHAT PROGRA!M — If this philogophy is followed, the United
States Covernment is willing to look ahead for two or more décades
and support those Iinvestments thet are clearly shown to be directly
geneficial to national and internutional interests. The national

eel Is one of basic confidence in the future, but the necessity to
cope with energy, productivity, .ind balance-of-payment nceds are
understood. In this fvture we seek also to develop a strong syner-
glstic interrelationship between developed and developing countries
for both humanitarian and business reasons. We are dedicated to
help worldwide industrialization on a progress curve that outpaces
population growth, and to develop customers with buying power for
our higher technology preducts and services.

3. ntACTIO . PROGRAM (LITTLE ICr AGS) — This future assunes that data
are available which clearly convince our population that a 30-year
cooling-off period has begun such that a Jorld War [I-like national
motivation becomes real. As a result, approximately 10 percent of
our GNP woulu be dedicated io terrestrial and spac2 investments
that are clearly leneficial in mitigating the bad effects upon the
United States.

4, BASIC BIGRAN (FULUR-E CO'LIOVALLTY) — This philosophy calls for a
play-ii-safe approach that wairants a reasonable.finvestmant in
space activities common to the basic futures 1§enti£ied. 1t is
not strictly nativnalistice, but international zssistance is
secondary in priority since the crisis influeaces of Futures 1 and
3 are strong.

S.  INTERIATIONAL S5PACL PROGWA!N — The driving philosophy in this program
option is that full world participation in space activities will
tend to ease friction and foster world peace. A press to have all
countries participate and share the benefits tends to override purely
technical and busincess considerations.

6.  GLOOY ' CHRONOUS MARKET LEADFRSHIP — The fundamental driver in this
program 1s to recopnize the value of world market leadership in
the information business. A key to this market is the utiiization
of space, particularly geosvnchronous orbit, for an ever-changing
variety of services. We would aim to keep ahead of the competition
in the space segment, the multipliecity of corresponding ground
equipment, and the number and quality of benefits provided.

RANKIN& OF Tt PROGRAM OPTIONS

During the course of the Space Industrialization wtudy, parallel efforts

"were conducied to extrapolate both mankind's needs and technical opportunities

into the future. The needs were than used to trigger new ideas for space
opportunit:es that might have been previously overlooked and as a background
for evaluation of these opportunitics, both relative to each other and relutire
to competitive terrestrial options. This process yleided some 300 specific

‘needs (there could be many more depending on how they are broken down) and

some 200 space opportunities. By evaluation and combination, the 200 cpportunitie-.
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were pared to about 100, each of which was then written v to a specific

12-point format for more detailed evaluation.

list to some 25 ocutstanding opportunities upon which an evolutlionary space

program could be firmly anchored.

The list still numbers about 50, each of which seems worthwhile and cost-
effective to do sometime before the year 2025.

As we looked
experts and other

of varicus ethnic

conclusions:

v

1.

Option 1 shouid surely be done. 1t is the least we siaould
Jdo and its irplementation shold be simply a matter of
getting the facts understood to the Congress, OMB, and

tne American people.

We in the aerospace community have a definite obligation
to pursue the foresight options at least in our own plans.
Moreover, we have an obligation to get as much support as
we can. Unfortunately, ve know that Congress and the
public, as a whole, are not future-oriented, so this
program option has little ‘chance cf full implementation.
The best that we can hope s that it can be partially
brought about.

The two oblique foresight options — one seeking the
primary emphasis to be on international funding and
participation (No. 5) and the other seeking to delibar-
ately nourish a potential information systems market
€or the United States (No. 6) — are now as viable as
the middle route. True international coo, ecation is
extremely difficult to turn intu reality, but on the
other hand, too self-serving an zpproach implemented by
any country 1s opt %o meet strong resistance by most of
the other cuountries. We do feel that a reasonable
market leaderchip in this area is a natural for the
United States and should be supported by Government action.

Program Option 3 (Reaction Program ~ Little Ice Age) 1is
actually a spe-.ific kind of foresight (No. 2) that predicis
an imoedirate crisis (No. 1) at a future time. This parti-
cular crisi~, if it should appear to be coming (as the
climate patterns are studied and experienced), has such an
overciding 1nfiuence that it is prudent foresignt at least
to develop long-lead precursors to the ancelerated space
activities indicated.

It was intended to reduce the

As tue eva}uat1c1 proceeded, however, we
found it surpricingly d'fficult to throw out very many of tlL. opportunities.

at the opticns and the opportuniti:;, we talked to many space
interested people, both within the cowmpany and outside, and
in and out of the serospace industry. About 100 evaluators, young and old wnd
and technical backgrounds, helped us come to the following
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5. The Futures Commorality Program Option (No. &) does not
make as wmuch sense as a commonality of opport nities as
v it does as a commorality of haraware and technology .z
use in the systems that implement these opportunities.
These hardware commonalities will be determined at a later
date when the characteristice of the system hardware items
9  are better cefined.

TiME PHASING FOR THE SIX PROGRAM OPTIONS

As has been mentioned, the process of studying and integrating world
future needs and spacc progrim opportunities into options for a Space IMdustri-
alisatios. program resulted in the selection of three futures, against which the
scme 200 opportunities were measured. After much study, these were narrowed
down to scme 50 ancnor spror‘wiitics. Cach of these anchor opportunitics
applies sclidly to 4t leost one of the futures cited and to several of the many
important world needs that have been identified in the previous analysis.

In essence, the first future (Immediate Crisis Orientation) assumes con-
tinued preoccupativ.s with short-term, more or less immediate results and implies
less than desirable preparedness to counteract ionger-term trends building up
toward crises (2.e., a dificiency 1n 1nvesting in future optiens).

The second future (Foresight) places greater emphasis on long-term
orientation. The approach is one of more active future-shaping by counter-
acting negative trends earlier and by building vp options to aeal with future
problams.

The third future (Little Ice Age) assumes & major change not under human
control. The change postulated a 35-~year cold period, causes the future sztua-
tion to be duminated by tne need to rescond to a4 series of protracted and, for
some time ~orsening, emergencies. o

In Figures 2 through 7, inafvidual definitions of the six program cptions
are presented (one-by-one), each option is developed in a standard fbrmat. dand
tie report 15 printed sno that the program options can be studied individually
in a convenieunt way without back-and-forth turning of pages. The top part of
each Zigur( names all six options and shows how they stem from the futures, bux
still interrelate. The drivang philosophy of eacn one 1s shown below the
interrelationship chart. The resultant effect of applying that philosophy to
the anchor opportunities is shown or each raght-hand page. The most important
information cn each set of pages is crowded into the center region of each
right-hand page; note that in these sections are six options, 34 anchor ofpur-
tunities, {ive time-frames, three importance cracients, five level-of-effort
gradient. — a total of almost 5,000 pieces of information fer each option.

The re.‘'iits are surmarized ia narcative form in the boxes on the right. 1t is
in reallzation of the complexity of understanding these options (without bLenefit
of spoken words or color) that the sheects were developed to put =ach option on
just me page.

The dynamics of changes in eac™ program option take the non-tinearity of
the futures into account; that is to say, each accomplishment, or cven<commit¥
ment, changes the subsequent frame of reference. Postponement of problum
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solutions leads to a convergence of problems or crises later on, multiplying

the number of new starts. Conversely, earlier option-gencerating vigor red ces

the proliferation of new starts in the lutter part of the reference period
(1980-2010) and makes it possible to biild deliberataly on earlier accomplisiment .
Also, advances change the perspective. What requires much foresight or a big

step in 1980 is less demanding on both counts in 1995. Finallv, the combina ion:
shown are the first layout. Adjustments mav be made in the ccurse of further
analysas.

There aré two of the opportunities (0il Spill Detection and Offshore Limit
Monitoislng) that have been marked out and one was deleted before the sheet was
nmade up. Th2se”are ones that initially seemed to be winrers, but on detailed
investigation of possible terrestrial alternatives did not show an economic
advantage. ‘Therefore, these opportunitics were dropped out of all programs,
but could be reinstated if the space systems that are designel primarily for

other missions can accomplish these additional tashs at vere little additional
cost.
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SPACE INDUSI™IALIZATION PROGRAM UPTIONS IDRIVING PHRILOSOPHYY

1. IMMEDIATE CRISIS~ORIENTED PROGRAM } — ———F—

S. INTEKLATIONAL SPACE
~ PROGRAM

2. FORESIGHT PROGRAM

. 6. GEOSYNCHRONOUS ORBIT
LIADERSHIP - USA

3. REACTION PROSRAM - LITTLE ICE ACE

. ¥

4, BASIC PROGRAM - FUTURES COMMONALITY

-

i
4

IN ACCORBANC( WITH THIS OPTION THE PUBLIC VIFWS OUR COUNTRY AS HAVING SO
MANT PRESSING PROBLEMS THAT THEY 00 NOT FEEL THEY CAN JUSTIFY HACRIFICING TODAY
FOR A BETTER TOMORROW iN GENERAL, THE SPACE PROGRAM AND OTHIR LONG-LEAD TIME
OPPORTUNITIES WILL GET CONTINUALLY POSIPONED UNLESS THEY HAVE A CRISIS AURA.
BUSINESS WILL DO WHAT SHOWS NEAR-TERM PAYOFF, AND GOVERNMENT Will SUPPURT
WHAT SEEMJS 10 BE A NEAR-TERM SOLUTION TQ A RECOGNIZED IMMEDIATE CRlS'!S:1 AS THE
FUTURE EVOLVES, NEW CRISES WILL DEVELOP THAT PRECIPITATE VARIOUS SPACE PROGRAM
SOLUTIONS, BUT IN EACH CASE ONLY THUSE OPPORTUNITIES THAT CAN BE DONE REASONABLY
QUICKLY WilL BE INCLUDED.

)

LLGLng .

1 Reyrarih ard Sev lorment suppurted ot tow levels & RvartatiVity of funds s rot & Vimiting fecior
1n gan bavic uriervtanding Wew progras viarted sLrording L0 oeedy and

arried conurrentty '

2, Waderately espa ving tunds for eslsting projecty S Migh natrenatl griority evigaed to all progreom
Mt graplems sudressed segarntialily Technulogy limitetlons are the arly pacereiters

) funding levels aple, byl belom sccelerasted level P = Private Ihe private setur hay taken ceer
Fepanveans acsrd nq 1o needs Rust problems the cffort

adarassed concurcenttl,

The crrcles indicate 1mportance cevel 1 e 1t shauld delinctely bLednte (6 the numoer 14 not clegled, It
i3 stelt an 100 program, Lutl 18 gue (ionadle Ur mure subject to cost 8nd schedule compromice Blont epaces
#crusy (he whuleo [ime spdn irdicate that it would be dne only if 1t cumay very cheaply s e0%add-0n 10 @
pre impurteant ilem deyond the Lav® number IA (he sequence the aclivily 1y cONtinuIng &t~ a rOutine lcve
{1she wepther pictures frim ypace) The U grIm dYivi ) are 1noriated with srary eithee 2 Cmpingt o
of 1mportence 4nd rate Or O! Mma;ur rpOrtance A Lhat particular PrOgren catleon

Figure 2. lmmediate Crisis-o:Lénced Program
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1. IMMEDIATE CRISIS — ORIENTED PROGRAM
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SPACE INDUSTRIALIZATION PROGRAM OPTIONS (DRIVING PHILOSOPHY)

1. IMMEDIATE CRISIS-ORIENTED PROGRAM ——-—--——-—l'-

Q

5. INTERNATIONAL SPACE
[~ PROGRAM

.

2, FORESIGHT PROGRAM
-

+

N & GFOSYNCHRONOUS ORBIT
LEADERSHIP - USA

3 RFACTION PROGRAM - LITTLE ICE AGE

¥

& BASIC PROGRAM - FUTURES COMMONALITY

IF THIS PHILOSOPHY (S FOLLOWED, FHE UN'TED STATES-GOVERNMENT IS WILLING TO
LOOK AHEAD FOR TWO OR MORE DECANIS AND SUPPORT THOSE IN/ESTMENTS THAT ARE CLEARLY
SHOWN TO BF DIRECTLY BENESICIAL TC NATIONAL AND INTIRNATIONAL INTERESTS THE
NATIONAL FEEL 1S ONE OF BASIC CONFIDENCE IN THE FUTURE, BUT THIE‘ NECESSITY TO COPE
WITH ENERGY, PRODUCTIVITY, BALANCE-OF-PAYMINTS, AND NEEDS ARE UNDERSTOOD iN
THIS FUTURE WE SEEK ALSO TO DEVELOP A STRCNG SYNERGISTIC INTERRELATIONSHIP BETWEEN
DEVELOPED AND DEVELOPING COUNTRIES FOR BOTH HUMANITARIAN AND BUSINESS REASONS.
WE ARE DEDICATED TO HELPING WORLD-WIDE INDUSTRIALIZATION ON A PROGRESS CURVE
THAT QUTPACES POPULATION GROWTH, AND TO DEVELOP CUSTOMERS WITH BUYIMNG PGWER FOR
OUR HIGHER TFCHNOLOGY PRGDUCTS AND SERVICES

f

Lt

V  Resesarcn and develoomsnl supparied st Jow tevels 8§ Avallanility of funds Is not a Hiectirg factor
10 galn bBase¢ understandirg New progréine started sccordlng to aseds and
carciea oucurrently

2 Ruderately espinding fundy for existing projects s High nathing! priorcty assigned to ad) programs
Mast prudlemy addretsved sequentia®ly Tectwolog «Imitations are the only coetattnrs,
1 Furding levels ample, but Selow accelerated tevel P e “rivats Ine privets secio has taken over

l-p‘no\rm‘ sccurding to nosds Movl problems the afigey
addresved (oncurrently

fheg clrcles 10dicate japortance leavel, 1 @ , it “ould definitely be done Hf the ausber o4 not clrcled, i
18 stitl on the program, but s questionsdle or eare sudject to cost end schrdule compiamine Qlarh apacer
8cruss the wnale time spdo 'Adice a 1Vt it wovid be dine only It 4t comes vhey hesply 3% &N 402 OM (0 @
mure impuitent rtem  Bryo~d the lavi Aumber In the sequence the oct vily s corfinuing At 8 routine level
{live weather pictures from sja o) fhe tt. Jvim divic s are indrcated with ttare - elther & cweti-giinn
of i1mpurtsnca and rete or of ra,0r repoitance 1n that partisutar progrem option

Figure 3. Foresight Program
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SPACE INDUSY—RIMIZANON PROGRAM OPTIONS (DRIVING PHILOSOPAY)

1. IMMEDIATE CRISIS-ORIENTED PROGPAM

S. INTERNATIONAL SPACE

2. FCRESIGHT PROGRAM &€ — — — — — — — =— T -

~ 6. GEOSYNCHRONOUS OREBIT

/"‘_\ LEADERSHIP - USA
3. RFACTION PROGRAN: - LITILE ICE AGE
i

I
4, BASIC PRGGRAM - FUTURES COMMONALITY

/

THIS FUTURE ASSUNES THAT DATA AE AVAILABLE WHICH CLEARLY CONVINCE
OlIR POPULATION THAT A 30-YEAR LU, inCT-T#% PERIOD HAS BEGUN SUCH THAT A
WORLE WAR 11-LIKE NATIONAL MOTIVATION BECOMES REAL, AND SOMETHING vint
10 PERCENT OF OUR GNP WOULD BE DEDICATED TO TERRESTRIAL AND SPACE INVEST-
MENTS THAT ARE CLEARLY BENEFICIAL IN MITIGATING THE BAD EFFECTS UPON THE

USA.
i

LLGErD

1] Rerearih and davelopment suppuried ot low levels &  Avaitapility of furds is not o timiting factor
ta ga«n basic undersvtanding Nsv programs started o:cnlr.liug 1o reeds and

carried concurrently

1 mudecqtaly espanding funds for eslsting projocts § digh rational priority assigned to arl programs
Mot problems +d1rassed sequenteally Technalogy limitations ere the only peiesniters

3 Funding levels amnle, but deliw accslersied level P = Private The private secloe “33 (psen oner
fapanviuns according *o needs Hast problems the effort

addievsod concurrently

The circley Indicate impurtance lewnl, 1 & , 11 should definltely be dons Il the number is not circliad, It
Iy st:t) an the prugesm, byl Is questionsdle or mare subject (0 covl and schad.le compromice Bland spaces
4crOsy the whala timg span 1adicete thet «f would be done only +f ¢ comas veey (heaply 4¢ 6% add-om (0 8
e cmpuriant item Bevond the last nu~ter 18 LA seguence l'y activity Iy centinuing ot 2 routire lovel
{Iibe weather prctures frum spece) The pa:grtn dyavity are indiceted with stary <= either & cow nation
of 10p0rTerce and rate ur uf *djor IMEOrtance 1A n:u particular progrem option

Figure 4, Reaction Pragram—Little Ice Age
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3. REACTION PROGRAM — LITTLE ICE AGE

§$% Rockwell Intamationsl
Spo~o Davion

Anchar Opportunitios Time Frame |80 85{8S 90'90 95195 10[10 25
Tﬁl Oiract Broadeast Education - U S (6) 1 . \ -
_ If there Is a reasonable possibllity that a
2[0uact Broadeast Education — Deve! Countries (3) 2t 34 yoar Littte Tee Age hoy bagun, the urgency
'!!3'Buxmeu Svstem Data Transfer (5) 3| 1. of beginning Immediatels on those space (and
¥4 itlecteun.: Telecommuting (5) 4] ground) activities that would mitigate the
s e & heartd Medical Advies Canter 1 “ 5 bad effects shows up In the rapld impicments-
2 %6 p 6 tion of those inforration trensmisslor
H ime and Navigation Serv.ces (5) activities that we hknow we can do and that we
Z (¥ 7jtmplanted Sensor Data Cotlector & (5) 7}| knee can be combined into & rolatively few
= M8 lNanonal Information Services (3) 1 (6 8 ::;::: srace systess l:::’::::g ‘::;u;:‘l’:f':'
*9|P?"°"a' Commun:canons (3) ] 1 or saves llv;s khe:y;w can't ge‘: to the v
< 0 Erectronic Mail {Exct Packager! (3) 1 & 10| | hospits: would te dane &s sorn as prudent
‘g B 1|Redical Ard and Information — U § (5) 11| ergineering and progra==aticy allow.
& | | 12{Teleageration From Spare ©) 12
a l ey 11040 Minerat Lecation 5
; e 21Crop Measurement 2| taren osservar, " do a1
| _ r2|Crop Measurement 211 i orserant o una chisats et ey e
=} P Quechly becose of such vize, complearty, and impartance
= [rd{0ccen Resources and Dynamic Systa, 8 8 ] "m they Lecome manncd -,;m:um veveral space
. ocatrons Th [ERELY tati LY
g he 5 Water Resource Map and Ruaoll Forecast B[ cranges tn charscaer and foos oroduct ion and oi vra-
g 6,01fshore Control Lumt Momtocmg\- 6 bl;luo: NC:‘:‘ l:veulrgly ”“lu:ood"“ uub:llu
1] 1
e 7 Globat Eifects Momtaring (STQ) i Sone u.‘a-mr‘v'::hed:ob:nu:h.:::;naloqr‘:::‘u:u or
19 quh Resolunnn €arth Mappmg 8 critical for rassive ditaster svoldance
9iHigh esotution Thermal Mapping I 9
2 | 1jlsoenzymes {Medical Dragnosnic Tool) ! 1 )
S | 2]Urckinase (Anticoagulant) 2
w1 S| 3asalin (From Human Sources) - 3
- phied - i
s 1{Large Crystals {Size and Petfection) 1 lhfl lpgo‘ducﬁ Pfﬁdugi: ;: thi sdopt 1on
S| , M2[Super Large Scale tniegrated Cicu s ® 2 ar'\d rov.\rz:: :'snpz‘ enere pr? :‘ﬁt lonh
&1 £ | 3jNew Glasses (including Fiber Dpucs) 3 servation o: av © huc
= energy-saving services as electronic
g Wré IHigh Temperature Turhine Blades @ 4 telecommuting or education broadcast
& | 5fHigh Strenqth Permanent Magnats 5 ’ 'n9 :
6 [Thin Fi'm Electronic Devices 6
?|Continuous Rihbon Crystal Growth 1 , ,
; L1 Night Hlumination for Urban Arcas 5 i ';f;ov “i'.l"' other {ree ?';;:‘?IL'.’I‘.’E;':.:'::'Q,'." i ]
O (4] i ) L 3 < . & ®1
2 thl Night Hlluminatior for Agric and Indust Ops 5 5 2 Gu ebige {8 will bs 3us  Bew eleluc e U g
LD T " .. . " . . o vy - ow = o0 7w WG Da Lunette | ghled  Ajriculiury wib?
PO PIUIYIIL 8 IURL W BINUYS ) FUILL I - -+ 2 1 benel it from Lunstte particularly In apsning up w¢ eress
& | 2 [*2|Local Cimata Man.pulatiun 2 1(8) L2 | I T sotaniiot iR M A
= 3 WraiSumulation of Photosynthesis Process 2 {6 ||t wee drenic rortier tmames more aiftls i
3 o 1, n, - . ran e winter none
= 4jRetiected Light for Ground Elect Conv 4 fuviar in trace will be puthed on an vrgent baviy 304
“rgenty e 1ve . e v ot
o | 1lSateilite Power System (Satsr) T[] i tor (ot i toe mim romard imcal waather 1oimt
* | 2!Fusion Power Source for W O ORIO!] DU el e s
_““,ﬁ”men in Space (Research & Operat.onal F] @ @ @ @ 1 " ohundrels o $P% & com 100 Little end too late
T ;
o | V{Medical Resedrch Faciity {Biosatetiine) @ 1 1
2 % | 2iSpate Vacanon Cruses (Shuttle Mod) 2 ““"‘T" splivities ;;’;‘;1;""‘;‘:‘;&::‘ ot
I = . .atls of a space o
g 5 i g,et;’.llc:llrL::,.a,?r::::,:::;y 1or Space Personne! @ @ @ : magnitude beyond today's funding
2=
= S 5101batal Hospital (Special Lowg Transport) R - 5
GILunar Tourisim 1o 6
1{Lunar Unmanned Exploration 2 4 1 -
21turar Space Station {Manned) 2 2
« % | 3{Lunar Ground Base (Test, Trans Devel, etc ) 3|| The tunar Industry Is developed
g = | 4jLunar Oxygen Industry Establishment 411 to support the rest of the spact
3 g S{Lunar Meta! Industry Facilities 9 program, partlcular!y Solett ..
Z | 6|Lunar Orhi'ing Factory 7 6
7] Lunar Ecosphere (Lunar Agriculiure) . b
8] Large Lunar Industrial Zone 8 RA GL 1S .

Fi 4., Reaction Program—Little Ice A Cont. 0 " Y
gure aram ce Age (Cont.) OF POOR QUALI
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SPACE INDUSTRIALIZATION PROGRAM OPTIONS (CRIVING PHILOSOPHY)  °©

1. I"AMEDIATE CRISIS-ORIENTED PROCRAM —_—

5. INHIRNATIONAL SPACE
PROGFAM

,{V

2. FORESWGHT PROGRAM &€ — — — — — — — — - L —
1

N~ 6. GEOSYNCH20NOUS ORDIT
LEADERSHIP -~ USA

3. REACTION PROGRAM - LI™TLE ICE AGE

/——__—_“‘
- ‘r\

4, BASIC PROGRAM - TUTURES COMMONALITY

|

THIS PHILOSOPHY CALLS FOR A PLAY-IT-SAFE APPROACH THAT WARRANTS A
REASONABLE INVESTMENT IN SPACE ACTIVITIES THAT ARE COMMON TO THZ SASIC
FUTURES IDENTIFIED. IT IS HOT STRICTLY NATIONALISTIC, BUT INTERNATIONAL
ASSISTANCE IS SECONDARY IN PRIORITY SINCE THE CRISIS INFLUENCES OF
FUTURES 1 AND 3 ARE STRONG INFLUENCES.

LEGEND .

1 Revearch and davelopment supportod at lcw levels & Avallabltity of tunds 1s not & 1imi’ing factor
to gein tarlc uadervianding New progrecs viarted according to nueds and

carried concurrently

2. Moderately expanding funds for exlsting grolects S Righ national oriority assigned to alt prograw
Most problems addressed sequentlatly Technoloyy limrtations are the only peressiters.

). Funding levels ample, but bolow sccelerated level P o frivete The private sectar has tsken over
Capeasions according to needs  Most problems the effore

addrersed cusgurrontly

The creclay Indicate Iaportance level, | @ , 1t shoula Gefinitely be dune 10 the number e not circled, 1t
Is sti8) n the progrem, but (s questionable or swure sueiect (o cost and scheduleo corpromise  Blavk vpaces
acrovs 10 whole time span indicete that It would be dome “mily If It comss very chesfly as an add-on 1o a
more ieporiant item Bevand the last auster In the seguence the actlvity §y continuiag at 8 routine fecel
()ike weather prcturos from space)  The p10gtam drceets aro indicated with stars === either & comdlration
of impartance end rete or of mejur lexortence in that particular progrem option

¥igure 5. Pasic Program—Futuyres Commonality

ORIGINAL PAGE IS
13 OF POOE QUALITY,
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5205 Bivizion
4, BASIC PROGRAM - FUTURES COMMONALITY
Anchor Dppmuniue; Yimo Frame |80-85!85-90] &0 9579510/ 102
3 hlmnnmmnme“mn-u& 1
¥r 2{0iroct Breadcast Educaticn — Devel. Countries 2
, 3|Business System Dgta Transfer 3 3
i ; Far4 [Electranic Telecommuting 4 4 All of the futures placs heavy
S| 5MWortd Medical Advice Center ? {3 6
: 21 ¢fTimeend Nsvigation Services 3 6 emphasis on the electronic -
E" 7limplartod Sensor Data Collector 3 13 7 STI‘V! ;es , Zartk':ula; st;ess is
£ | Bjt sticral Informatian Services 3 gj| placed on education r:,a casts
SiPerronal Commun cationy (3 9}} and medlcal aid and information.
@ 10[Elactronic Marl {Excl Packegas) (3) 16
2 1{tAec.cal Ad end tnformation — U S OO "
I 12{Teleoparation From Space ‘ 12
7 1[0t /Mineral Lecation 3 8
2|Crup Messurement 3 2 ) .
obal observation and climate/
] ch"ugn"'ﬂ' fm"‘u':’:: :n 4 Dynamic Systom 3 : veavher understending s
§ 5{Wa'er Re-aurco Map ond Runoff Forecast 3 @ 5 Imporient In ail pregram options.
21 5i0iknorontratis | |However, the push to GSO is
© te1(Globar Etfects Momtoning (STO) ®1® 7/|diminished In the commonality
BiHigt Resolution Earth Mapping 313 glloption.
9]High Resplution Therma! Mapping 2 []
g lsoémyrém {Modical Diagnostic Tool) 2 |3 1
& | 2|Urokinase (Ant:ccagulant) ? 3 2
21 © | 3linsutin (From uman Sou-tes) 3 .
= in the products area most of the
3 1{-arge Crystals (S.ze and Perfection) ! e:p;aélz is placed on those
8 o 2Super Large Scale Integrated Circuits @ 2 r ducts which are usaful for
£ | €] 3|New Ciasses {including Fiber Opucs) 34| Proc Ecl l‘l: i i h
e 41High fenl-npemmre Turbine Blades 4 mecical applications or in the
E | 5[H.gh Strength Permanent Magnets — _ __ s|] electronlcs industries.
§{Thin Fiim Electrome Davices - @ 8 -
7i{Continugus Ribhon Crystal Growth 7
g 1{Night Hlumination for Urban Aroas 2 ] -
: f :m:: lFllun:n;t«on 1opr :(g;cn:. and Indust Ups i = 3 All of the futures include some
¥ight Froat Damaga Protection 5 e-scale energy systems <
bt g 2{Local Climate Manipulation L b~ 2 '?:aer Soletta g;S y fusion In
& | 21 3iSumulatun of Photosynthess Process z 3} ¢! ' or v
w =4 Early experiments will
= 4]Reflectsd Light for Ground Elect Conv 7] 4 spacei hich l T11 be the
» | Y|Sateti:te Power System {Salar) ?2% 2 1]| reveal which option w e the
* | _2|Fusion Power Source for MW )l = 2]] most attractive.
e 1{Fuston in Space (Resoarch & Operationat) (2) 1 .
i o | V|Mecict Research Fecitity (Biosatelhio) @ i Although "“"'""'59“3]“l"e“"“":
= W | 2[Space Vacation Cruises (Shuttle biod) 2 ::'ti:‘:zn‘;:c’:;::; fre o:;w:::f‘:;‘
£ S| 3|Med cal Leb'and Fac'lity for Space Parsonnel 3|1 . .ihich survives in the human
3 £ | 4{0rbial Tounse Fozihity 4 activities area. He goes to GSO
&| 5]0rbital Hospital (Spacial Low-g Transport) 5 early or becomes a large commurity
[ OLunar Tourn 6 only in particular programs. .
[ 1{Lunar Unmanned Exploratian 1 |@ 1
2jLunar Space Steticn (Manned) 2 2 £ loi T,
o &= | 3|Lunar Ground Bass (Test, Trans Dovel, atc ) 3 The’pace of lunar exploitation
g k= | 4]tunar Oxygen $ndustry Establishment 41| wil! be determlned by the
5 2 | S|Lunar Matal industy Facilities 4 s|| decisions that are made in the
* = | 6|Lunar Orbiting Fectory 3 6]] energy area.
T{Luner Ecospha-a {Lunar Agriculture) 3 7
8| Largs Luaar Industrial Zone 8

SNIGR ST A o

Figure 5,

Basic Program—Futures Commonality {Cont.)
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SPACE INDUSTRIALIZATION PROGRAM OPTIONS (DRIVING PHILOSOPHY)

1. IMMEDIATE CRISIS-ORIENTED PROGRAM ————-J—-

«

5, INTERNATIONAL SPACE
[~ PROGRA

2 "FORESIGHT PROGRAM

I~ 6. GEOSYNCHRONOUS ORBIT
LEADERSHIP - USA

3. REACTION PROGRAM - LITTLE ICE AGE

y
4, BASIC PROGRAM - FUTURES COMMONALITY

THE DRIVING PHILCSOPHY IN THIS PROGRAM OPTION IS THAT FULL WORLD
PARTICIPATION IN SPACE ACTIV'TIES WILL TEND TO EASE FRICTION AND FOSTER
WORLD PEACE, A PRESS TO HAVE ALL COUNTRIES PARTICIPATE ANG SHARE THE
BENEFITS TENDS TO OVERRIOE PURELY TECHNICAL AND BUSINTSS CONSIDERATIONS.

LEGEND

) Research and development supported at tow levels & Avallcdiflty of fund. 1s not a V!miting factor
to gein basic undarstending New progrems started accordliag to ne dy and

carrled concurrently *

2 roderately gapanding funds for ealsting projects § High natlonal priority assigned tn al!’ orograms
Rost problemy addresied sequentially Yechnology Vimitations &re the only pacessttars

3 Funding levels aople, but Selow sccelerated level P o Private Thg private sector hes takan over
Expansions gccarding tc needs. Host prodlem the effort

sddressed concurrontty

Tre circles Indicate Impnetance leval, | @ . [t should detnitely to dona  If the number is not clrg'ed, It
- Is str 1t 1a the program, butl iy quastionadle or more subject” to cost and schedule rompromise  Blank spaces
acroas the whole Lime span indice o that it would be dons only «f it comes very cheaply a3 an a3d-on to »
oaure izgortest item  Beyond the last nuaber in the sequerte the activity Is contiruing at a routine level
(Vite waather pictures from space) Tha proguam Jtevcts are indicoted w th 8137y === ceher & comdinetbon
of 1oportence and rate o’ uf major importante 1a t*at particnlar proarem uption

. Figure 6. International Space Program ORIf;mAL PAGE IS
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5. INTERNATIONAL SPACE PROGRAM

SERVICES

Glohat Effects Monitening (STO)
High Resolutran Larth Mapping
High Resalution Thaemat Mapping

un'd tong term cliaste tronds become worid-wide, rellable
realities - T

Anchor Opportunities Timo Frame
. The prevent.on of wer should be s the
4 1[Direct Broadiast Education - U'S 1 Obinctive of memtind. Altnouph the comotetirer
s 2|Drect Broadcast Education — Devel Countries 2 Te1ated meets are ovn vrve.ord wigets satievs
3{Business System Dais Transfer 3 (1) the creation of wealtn rother tnen the orgeais
b 231lon of scarcity aoves towsrd pe.Co  and
¥4 |Electronic Telecammuting 4 {2) trom he vamisge pount of tpace: the politicst
P rles améd divercine nd L}
S [Me5\World Mediest Adwice Center 5 the ot wor 10 ehevmoinn cateres . damy ol 1
a G T seTvICes ooperivnitiss are eacellant cneidates for
2 ime and Nawgation Services 6 Tnternetiong! 1ons and rngort
| 7limplanted Sensor Data Collector 7 ore ome of the o chast mars that subetentisl
g aly ! int 8 ;'orcltn-mu sa quality-of-life con bs asde in
bt on ' tvalopring conntrfias withont the suicassive steps
- g Pf‘;:n:I c':"z::::‘: :“ts:nr,wces 9 :l l:;hnn-u-u tilia rosds oc\:o:t. € ) that
¢ 1catt ove loped ( Iresd . via
data (rn;ml;-:o:-':nvc:::{::Iy u:::::-'('-
10{Efectronic Madd (Exc! Packages) user con be wery av caly azconsiisned  Mhus
met of the has coportun Ll hown Deasfit both
1{Medical Aid and Information - U S types of :q:::u:. nuoulﬂl;.-:m the semg
| 12[Teleopesatian Fram Space fochnology
HOu/Mineral Location
-
% 2|Crop Aeasurement 2 NIy i3 the hey ores for the progrem uption  The
s 3]04-Spitl-Ostechon 3 !el;-nn Proviced ars bo.h immed.ately necded snd, oy
a tandsat v shoming can De don 1 owi The
< & |Ccean Resources and Dynamic System 8] ] cooartunities relate 10 Jocstion of the worldes revovrcas.
2 . mardgement 0f fond and woler COOPErative sovemdrl 1nto
€ [WsMater Resource Mzp and Runoff Forecast SHI e semn and avetec frntiers g the ertomety
a 6 impartany subject of vrder.tane =9 the carth ¢ weather
o 7 and chiimate 30 that 01N short-term vse var forecasts
8
9

Isoenzymes (Medicat Diagnostic Tooi) '

Urokinase (Acticaegulars)
tnsubin (Frem ftuman Sources)

PRODUCTS

.4
NEE

Large Crystals {Size and Perfection) ~
ISuper Large Scale Inegrated Circuits

MDD N D D -

Ir thts program option, those products
that support the key services discussed
abovc are important, but are not the
program cr.vers The improvements in
electronic aev 2os that appear feaslble
from space processing will enhance tha

ENERGY

&

Refiected Light for Ground Elect. Conv,

-

*

Satellite Power System (Sotar)

‘Funon Power Sourcs tor MW

-sm}ﬁl I¥u2nn In Space (Research & Operationat)

. Bt A —fe =

(21®
SlS
ClC

o
E, 3!New Glasses (In:’ludmg Fiber Gpucs) capabilitres of both the space and
5| 4Hnh Temperatuze Turbine Blades ground segments of benef.cial systems.
£ | 5H.gn Strengih Permanent Magnets In add:tion, medical products have
6 Thin Fdm Electronie Devices - universal appeal and applicability to
7{Continuous Ribbon Crystal Growth all mankind R -
i 1 |Night lifumination for Urban Areas o lnlrgv I's & worle-wide sroblen eore critical to woxo
2 Hr2iNight lumination for Agne and lndust Ops (8) T:'Tf:l:: ::‘::-:';'sm-:-::'. f:;:"::.f.x ther
1] Night Frost Damage Protection (OJIOJEC o e toamte i n ony duvetomernt eva euting
2 | 2fLocal Cimate Maniputation 2 3 o e T o e e
<« | 3iSumulation of Photosynthesis Process 2 3 structures techantogy sad oravide wiatul 1 ght  Fuslon

tesear h and possidly fusion pomer product on 10 space
1o fIt tho cotegiiy of cBjor Aves ment Dt Mmatone
pay of ! These prograes sre 2% ¢ type that full worls
participation +s perheps wgrranted and nearly full

=orid benefit oo avsured 1f succesniyl In any case o
dec vi0r polat cores i sbowt 1990 (o ¢ ther cownt on
fusion nr ageelgrate 3 ‘

HUMAN
ACTIVITIES

S

D DN

Medical Research Facility (Brosatellite}
Space Vacation Cruises (Shuttls Mod)
Mecica) Lab and Facitity for Space Parsons!
Drbital Tounist Facility

Orbital Hospital (Special Low-g Transpart)
Lunar Tourism

~O~E0)
SEO
eeS

The Internst onal phrilusochy tends o supporg
human act wities 1n space  bu. rot sy the maln
thrust «acrginly Ff $PS's or Solettes are
to be oventually burtt the bas:s for large
rumhers of prusle living and worting in vpace
should be =el) founded In gddition, the
peragnzl  Arat) of beng IN s)ae may have
universal apoeal to eany people including
world lesdsry

LURAR
INOUSTRY

Lurar Ynmanned Expl&mxon

Lunar Space Station {Manned)

Lurar Ground Base {” est, Trans Devel, etc )
Lun.r Oxygen Irdustry Establishmant
Lunar Metal tndustry Facilities

Lunar Orbating Factory

Lunar Ecosphere {Luner Agnigulture}

O~ O WU A -

Large Lunor industrial Zone

1

------e-clped --1ee)| @  © Feejlee e aF e~~~cose~ae

So0

SESCO)

@~

O O WU PN e

As in gther progres 0ot omy  lunar
1ndurtry supgarts latge or itel
faceloteey am £5Q such as 385 or
Pl Soletie In 84, 1 OP 17 AN 8
Particalar progrer cution  irters
nat onal wtel zetion ¢f Vunar
Fruewrcos fesers & VGurce 0°
Con‘l ¢t cGeweloped countries
~3y vie for pos v:on w g
develop ng camntrias want (he
~oon teft wndisturded unle s
the: con see o resulting benafle
1o the=

Figure 6. International Space Program (Cont.)
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SPACE INOUSTRIALIZATION PROGRAM OPTIONS (DRIVING PHILOSOPHYI

1. IMMEDIATE CRISIS-ORIENTED PROGRAM —————
(-]
5. INTERNATIONAL SPACE

/’ PROGRAM

2. FORESIGHT PROGRAM «€ — — — — — — — — | —

6. GEOSYNCHRONOUS ORBIT
LEADERSHIP - USA
i

Ci1r DOACDAM - € THOEC AOACINAAL ITY
“is b ~ -t vk w s Vet

3. REACTION PROGRAM - LITTLE-ICE AGE

THE FUNDAMENTAL DRIVER IN THIS OPTICN 1S TO MOVE QUICKLY rom»;’n THE GOAL
OF PUTTING U.S. MACHINERY AND, EVENTUALLY, CITIZENS IN THE THREE OR FOUR MOST
STRATEGIC GSO POSITIONS, WORLD WIDE, IN ORDER TO TEND TO CONTROL (AND KEEP
AHEAD OF COMPETITION) THE SERVICES THAT ARE INDUT *IAL OPPORTUNITIES 1N THESE
LOCATIGNS. THE ORDER OF PRIORITY IS (i} CONTINENTAL UNITED STATES, (2) COMNECTING
THE UNITED STATES AND EUROPE, (3) CONNECTING THE UNITED STATES AND THE FAR EAST,
AND () ASIA SUBTLE EXCLUSION OF OTHERS WCULD BE BY CONSISTENT 1ECHNICAL
SUPERIORITY AND TRANSPORTATION SYSTEMS

-

LLGEnD
! Rewrarch and developmen, supparted ot low levels & Avallabillty of funds s not a Himrting factor
* %0 carn bay € uvnderstanding New programs started accosding to heeds and
carried concur-ently

2 Moderately enpanding funds fur enisticg projects S High national priority assigned to atl prograns
Mast problems addressed sequentially Sechnology Vimi.ations are the only pecesetters

}  Funding levers awple, but below accelergted leel P = Private  The private sector hss taken over
£xpanssony sccocding to needs  Mosl prodlem the effort

addressed concurrently

The clrclsy Indicate smportece tevel, | e , It should definltety pe done If the nu~ber Is not clecled, it
ts stil) ¢n the prog-as, but is guestionable or more subject (0 cost and schedule compromise Blsnk spaces
4cross the whole time span indicate that it would be dong only If It comes very cheaply as an odd on to a

, more isportent stem  Beyond (he last Nnumber 1n the sequence the activity s continuing at @ rowtire lavel
{like weather pictures from spsce) The pregeds decve ts are ndicated with stars --~ ecther 8 cortinatlon
of importante and rate or of omyer inportance ia that particular progras opticn

Figure 7. Geosynchronous Orbiter Leadership—USA
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6. GEOSYNCHRONOUS ORBIT LEADERSHIP — USA
- Anther Qpportunities Time Frame {80-85;85-90{90 95{95-10]10-25
v 1[Direct Sroadcast Education - U S, 1 mge. Tatore market e te e et eyt ¢
e 2 10irect Breadcast Education — Devel. Countres 2 ot e though a1y ettt
3 BUS‘"ESS svlem DB!G Transfer 3 on 3tatle positions bul ra her covtirurng presence
o rt and teewslogical leadershi=  such v =83 envoved
c Hr 4 {Electrosic Telecommuting 4 rrire T rommerelal shrytTeiort B ninens
jur g, € n + .
S (% 5ifod Medical Adwice Center o (4) 5 raritiasion tervices e Intagretes woto ratatiesty
v, very . Leer nte
g El ire and Navigation services 2 (3) 6 910 tha (50 scans ralstivaly cutehle 1o ass
2| 7hmplanted Sensor Data Coilector - (3) ? vainet corolerents Loverment T
= 8{National tnformation Services 3 8 (articatarty n ar-aratintd s st/ reoptar
kr § [Personat Communications 2 g Trom soeme d eluctrme e a1
L e .
@ 10{Electeanic Mad (Exct Pzckages) ©) 10 rore rere (ond moner) Totloe o e
2 4 1 {Medicad Avd and Information — U S. " oy e irtaer et can ke 1 andhe b
5 12]Teleoperation Fram Spate 12 ot 10 v-: :p&::e‘:;:;: :: ::‘L:c::;‘;::a
v 1j0il/Minerat Location 2 1
21Crop Measurement @ 2 ;n this ontio7, the observation services
e | 3184-6p-Deteetron— 3 ead first toward high inclinatizc- orbrts
S and only 1 G50  Th
s y tater tc e rai1n cept
g ;%ceanguoucfesand Oynamic System 8 4 15 Global €ffects Monitoring, me: prien
g : Water Resource htap and Runoff Forecast 5 ;:cludes the Solar Terrestrial Observatory
OHshoro-Gentr rHoMAY [ 15 has a manned bas
8 ab-tmrt-Me e n GSO ané woule be
h¥71Globel Effects Fonitering (STD) 7]| 2 progran driver (along with information
: @High-Resolution Earth Mapping 5 tra:smssoon) wn configuring the GSO
{ 9iHigh Recolution Thermat Mzpping 2 9 v .en
:f 2 | 1jisoenzymes (Med.cal Dragnostic Tooh) 1 P 1 ’
‘1 & | 2fUrckinase {Articoagstant 2 P 2
191 © ) 3jnwhin (From Human Sources) \ P 3 z;oc,'u“’hdo r,’mhd"e‘“'y support the
P tlosophy of thi, proyren optiun In an
i 2 1 iarge Crystals {Size ang Perfecton) ] indirect sease, however, electronic advances
¢ S|, 1k2{Supe Large Scale Integrated Circurts @ P 7l] are an int_erat part of the overal! plan
’E S 2iNew Glasst !In-luding Fiber Optics) Alsn, cegardless of the main thrast of the
2, g o 3 program option thyse products that Shutile/
z a . vy ? Shuttle
$ 1 4High Ien‘pevature Turbine Brades 411 Spacelcd show 3 be valid should {and wil.}
s S | SiHigh Strength Permanent Magnets §1] be done nn 2n industrial scals e tow oinets.
i .Lt:'s Thin Fiim Elect cmic Devices @ P 6
H | YiContinuous Ribbon Crystal Growth l 7, ,
i 1{Night thumination for Urban Areae 1 [
2 | 2{Mght llumination for Agric and indust. Ops 2
. 1{Night Frost Damage Protection 1 B¢ 4 !
- S g 2{Lotal Chmate Manpulation i S:S s lead t?ward GSO capability.
* 1 &1 2 ) 3jSumulauan of Photosynthesis Process 3 Thus, " addition to 1ts un rinsic
z 4{Refiected Light for Ground Elect Conv., 4 worth, it supports the philosoprs
« [Er11Satellite Power System (Salar) OJIIOCHOIIOIIOIE of this program option.
* | 2|Fusion Pawer Source far W 2
Ba s 1{Fusion in Space (Research & Operational) 111 i
T .
g o | ViMedical Research Facility (Biosate'iite) @ 1| Human activitTes i this oprtom™ ‘
. w o Vs H
P =2 Z’fﬁi;f:;m:dcémc‘fs (S'hutéle Mo:) - @ @ 2| are primarily those that develon
- ~ L -
£ 6manamtham;3v or Space Fersonn g the technical base for large
- tA .
= 3 5|0rbital Hospntai {Special Low-g Trarspor(l 5 num!jers Of people in GSO for '
6l Lunar Tourism ¢l reasons discussed abo e. A_J
F < | tftuner unmagned Exploration 1 1 ,
£ ~|Lunar Spac. Jtation (Manned) 1 (a) 2 f
{ « & | 3{Lunar Ground Base (Test, Trans Devel, stc ) 1 (4) 31} Lunar industry in this program
' < = | 4|Lunar Oxygen Industry Estzblishment 1 2 @) )4 i i i i
<5 . s ) option is primarily in resnonse
S 3| 5|tunar Metal Industry Facilities 1] 2 | (@DQ)] s to $PS and Soletta requi
= Z | 6|Lunar Orhiung Factory 12t @] @6 quirements.
] 7{Lunsr Ecosphera {Lunar Agricultures 1 @ OHOIL
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Figure 7.

Geosynchronous Orbiter Leadership—USA (Cont.)
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§$% Rockwell International
Space Divisson

ALTERNATIVE PROGRAM PLANS

Biad

(<]

In Part 1 of the Space Industrialisation study, the two contractors
(Rockwell International and Science Applications, Inc.) worked separately
without consultation or coordination of results., The purpose of this approach
was to obtain two separate sets of recommendations from two different points
of view. As it turned cut, the recommendations were survrisingly similar. In
particular, both contractors advocated leading with services (called informa-

tion in SAI reports), but including products (matelials). energy, and human
activities (people)

A dlfferenc philosophy was followed in Part 2. In this segment of the
study constant coordinacion and integration was actively encouraged. Hence,
for example, Part 2 began with a two-day boiler-topm session at Seal Beach
with participants from both contracto.s and representatives from NASA. As an
outcomz of this flrst task a selected set of program optiens (which are really
alternative space industrialization plans) were derived. TFigure 8 summarizes
the basic philosophy of the three plans. Pian A 15 the most ambitious of the
three. It is based on the assumption that Satellite Power System will be a
. treaglity, with many units produced for operation arocu:d the vear-.2000. Within
Plan A 1s Plan A1 which uses lunar materials extensively in SPS transportation

and construction. In Plan A “terrestrial materials are used exclusively in
the construction of the SPS.

Plan_B assumes that SPS will be develcped toward a 1987 decision point,
but will not proceed to oparational status. In this plan, the technology
applicable to SPS (large siructures, large power generation in space, etc.) is
available for other space irdustrialization opportunities... Theé design approach
to hardware implexentatiuu of the opportunities is largely influenced by the

SPS design and, of course, the cost of the technolcgy development attributable
to non-SPS activities is shared by SPS funding.

Plan C assumes that SPS wfll not be pursued beyond 1982 and, hence, the
other oponrtunities must stand more on their own technoiogy base. This, in
turn, means that they are more nearly optimized toward their own needs.

As Figure 9 shows, the three plans were an outgrowth of both Rockwell
and SAI Part 1 work, but emphaslzing the S5PS influernce. In each nf the plans
the product and service opportunities that were endorsed by both contractors
at the end of Part 1 make up the anchor opportunitics. {More products can
probably be developed at very little delta cost, so these are representative
products rather than being all inclusive.)

In summary,\these new spacs industrialization plans recognize that SPS
dominates the technology requiremants and will basically dictate _Lhe approach
tc hardware design if SPS is cccomplisned on a time scalz leading 1o a first
operational unit in 1595. However, a thriving space industrialization program
should occur even without SPS since the other spacz industrializariom oppor-
tunities have enough merit that they easlly stand on their own econom'c merit
and pay back the investments required.
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Fiqure 8. Space industrialization Part 2 Alternative Plans
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A Rockwell Intemational
Spaco Division

Individual definitions of Plans Ay, Az, B, and C are presented in
Figures 10 through 13. These definitions are similar to those presented in
Figures 2 thr.ough 7; howsever, they are laid sut in a slightly different way
and the symbols have been simplified to a significant degree. The symbols in
the figures are to be interpretgd in accordance with the following zode:

-

R o Research

D = Development

0 = Operational

o' A step chenga in the operational facilities

0'' = Another step change in the operational facilities

’

]

A comparison bztween these figures and the ones that apresred previously shows
certain striking similarities. However, the two eets of charts are not meant

to be identical. This 18 primarily because Figurgs 10 through 12 were con-
structed at a different point in time, under the influence of a filler knowledge
base, and in a cocperative manner with the help of SAI and the NASA contract
monitors.

A carveful study of the symbols in Figures 10 through 13 clearly revesls
the strong influence of the decision on vhether or not to build the SPS. In
particular, an early positivae decision on the SPS will lead to large scale
upgrading of our transportarion hardware aad to a greater concentration on
manned space operations. In addition, a positive SPS decision results in an
earlier development of many unralated hardware elements, particularly those
that utilize large aspace structures, On the other hand (as is shown in
Figures 10 through 13), the dsletion of the SPS even in an early time frame
does not result in & total devastation of the U.S. Space Program. There are
many activities that will pay broad dividends in their own right whether or
not SPS becomes a reality before we pass into the 21lst century.
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TIME FRAME.

ANCHOR OPPORTUNITIES 80-85] 85-90 ] 90-95 ] ,95-00 | 00-10

TRANSMISSION

DIRECT-BROADCAST EDUCATION - U.S. 0- 0! o"

DIRECT-BROADCAST EDUCATION - DEVEL. CLuiTRILS D 0 o o

BUSINESS SYSTEM DATA TRANSFER 0 o' , "

ELELTRONIC TELECOMMUTING R D 0

ELECTRONIC TELECONFE?INCING D 0 o'

WORLD HEDICAL ADViCE CENTER D 0 o'

TIME AND HAV!WATION SERVICES 0 -

IMPLANTER SENSOR DATA COLLECTOR 0 0 o' on

NATIONAL INFORMATION SERVICES D 0

PERSONAL COMMUNICATIINS D 0 o

ELECTRONIC MAIL (EXCL. PACKAGES) 0 9 0! o ——————tv
- MEDICAL A1D AND INFORMATION ~ U.S. D 0

TELEQPERATION FROM SPACE R )] 0
O0BSERVATION

OIL/MINERAL LOCATION 0 o

CROP HMEASUREMENT D 0 o'

OCEAN RESOURCES AND DYNAMIC SYSTEM o 0

WATER RESOURCE MAP AND RUNOFF FORECAST 0 -

GLOBAL EFFECTS MONITORING (STO) 0 0 o o

LANDSAT D o ¥

TOPOGRAPHIC MAPPING L} 0

HICH-RESOLUTION RESOURCE SUPVEY D 0

HIGH-RESOLUTION RADAR-MAPPING R 0 0

Figure 10. Plan A; - SPS Emphasis - Lunar Material
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Figure 10, Plar. A ~ SPS Exmphasis - Lunar Material (Continued)

I TIME FRAME
- ANCHOR OPPORTUNITIES 80-85 | 85-90 | 90-95 | 95-00 | odio0
PRODUCTS
ORGANIC
1SOZYMES (ALSO MEDICAL DIAGNOSTIC) R 0
UROIKINASE (ANTICOAGULANT) D 0 o
INSULIN (FROM HUMAN SOURCES) D 0
INORGANIC {
LARGE CRYSTALS (SIZE AND PERFECTION) 0
SUPCR-LARGE-SCALE INTEGRATED CIRCUITS 0 o' o" -
NEW GLASSES (INCLUDING FIBER CPTICS) D 0 o' o"
n HIGH-TEMPERATURE TURBINE BLADES D 0 0t
HIGH-STRENGTH PERMANENT MAGNETS 0
CUTTING TOOLS 0 0 - 0!
THIN-FILM ELECTRONIC DEVICES ] 0 o'
CONTINUOUS RIGBCN CRYSTAL GROWTH D 0
) ENERGY
LUNETTA 1
T NIGHT ILLUMINATION FOR URBAN AREAS R ) 0 0!
NIGHT ILLUMINATION FOR AGR & INDUST OPERATIONS 0 -
SOLETTA -
) NIGHT FROST DAMAGE. PROTLCIION D 0
™ 8 REFLECTED LIGHT FOR GROUND-ELECT. CONV. R R
vo O
Q% L1}
;5{; SATELLITE POWER SYSTEM (SOLAR) R D D 0 o'
o FUSION IN SPACE R R ) ) 0
e
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Figure 10, Plan A) - SPS Emphasis - Lunar Material

(Continued)

(IANCHOR OPPORTUNITIES

TIME FRAME

-80-85

85-30

90-55

95-00

00-10

HOMAN ACTIVITIES

MEDICAL AND: GENETIC RESEARCH

SPACE VACATION CRUILES (SHUTTLE FLIGHTS)
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ENTERTAINMENT AND ARTS

(-~ -}

LUNAR
UNMANNED EXPLORERS
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LUNAR BASE
LUNAR INDUSTRY

2 DVWOO

[ ® )

SUPPORT ELEMENTS

FUNCTIONAL

SHUTTLE/SPACELAB
LANDSATS/SEASATS

COMSATS

PUEBLIC SERVICE PLATFORM

LEO BASE + PROPELLANT DEPOT
GLOBAL WEATHER AND RESOURCE BASE
LURETTA (D:MONSTRATION) -

SPS

POWERSOLETTA

TELLOPERATOR (GSO)

TRANSPORTAT I ON

SHUTTLE & I1US/SSUS
HLLY (SHUTTLE WITHOUT ORBiTER)
LOW-THRUST OTV SEPS {OR CHEMICAL)
0TV (LARGE CHEMICAL)
MOTV (FROM ABOVE)
« HLLv-:1 {S5PS SI2E)
CISLUNAR TRANSPORT
, LUNAR ORBIT/SURFACE SHUTTLE

o
o X O!?OSOOO

(=4
VVAINDO
o

0-

MO OO

ol

ol
,Ol

cl

ol

ol

o

ol

ol

o'

2AO0OO00O

(-~ N eNeNa

e om - ey

uomAg oeds

|BUOREWIBY) 1900} %?g




92

TIME FRAME
ANCHOR OPPORTUNITIES 80-85 ] 85-90.1—-90-95"}§ 95-00°| 00-10
TRANSHMISSION
DIRECT-BROADCAST ERUZATION - U.S. 0 0 o
DIRECT-BROADCAST EDUCALTION - DEVEL. COUNTRIES D 0 o' o'
BUSINESS SYSTEM DATA TRANSFER 0 0! o
ELECTRONIC TELECOMMUTING R ] 0
ELECTRONIC TELFCONFERENCING D 0 o
WOALD MEDICAL ADVICE CENTER D 0 0’
TIME AND NAVIGATIGN SERVICES 0
IMPLANTED SENSOR DAYTA COLLECTOR D 0 0 on
NATIONAL INFORMATION SERVICES D 0 e
PERSONAL COMMUNICATIONS D 0 o
ELECTRONIC HAIL (EXCL. PACKAGES) D 0 o' on
MEDICAL AID AND INFORMATION ~ U.S. D 0
TELEOPERATION FROM SPACE R D 0
08SERVATION
OIL/MINERAL LOCATION 0 o'
CROP MEASUREMENT D 0 o'
OCEAN RESOURCES AND OYNAMIC SYSTEM D 0
WATER RESOURCE MAP AND RUNOFF FORLCAST 0
GLOBAL EFFECTS MONITORING (STO) 0 0 0! o"
LANDSAT 9 0
TOPOGRAPHIC MAPPING D 0
HIGH-RESOLUTION RESOURCE—SURVEY- D 0
HiGH-RESOLUTION RADAR MAPPING R D 0

Figure 11,

Plan A - SPS Emphasis - Terrestriul Materials
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Pigure l1. ~Plan Ay - SPS Emphasis - Terrestrial Materials (Contfnued)

ANCHOR OPPORTUNITICS

TIME FRAME

80-85

90-95

95-00

00-~10

PRODUCTS

X

ORGANIC
1SOZYMES (ALSO MEDICAL DIAGNOSTIC)
UROKIMASE {ANTICOAGULANT)
1.4SULIN (FROM HUMAN SOURCES)

INORGANIC -
LARGE CRYSTALS (SIZE AND PERFECTION
SUPER-LARGE-SCALE INTEGRATED CIRCUITS
NEW GLASSES (INCLUDING FIBER OPTICS)
HIGCH-TEMPERATURE TURBINE BLADES
HIGH-STRENGTH PLRMANENT MAGNETS
CUTTING TOOLS
THIN-FIUM ELECTRONIC DEV!TES
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Figure 11l.

Plan Ay - SPS Emphasis - Terrestrial Materials

(Continued) -

ANCHOR OPPORTUNITIES

TIME FRAME

80-85

85-50

30-95

95-00

00-10

liuMall ACTIVITIES

MEDICAL AND GENETIC RESEARCH

SPACE VACATION CRUISES (SHUTTLE FLISGHTS)
ORBITAL 10URISH (LEO HOTEL)

ORBITAL THERAPEUTICS

ENTERTAINMENT AND ARTS

v

D
R

LUNAR

UNHANNED EXPLORERS
LUNAR QORBITER
LUNAR BASE

LUNAR [NDUSTRY

SUPPORT ELEMINTS

FUNCTIONAL

SHUTTLEZ/SPACELAB

LANDSATS/SEASATS .
» COMSATS

PUBLIC SERVICE PLATFORM

LED BASE + PROPELLANT DEPOT

GLOBAL WEATHER AND RESOURCE BASE

LUNETTA (DEMONSTRATION)

SPS

FOWERSOLETTA

TELCOPERATOR (GSG)

TRANSPORTAT [ON

SHUTTLE & 1US/SSUS “~
HLLV (SHUTTLE WITHOUT ORBITER)
LOW~-THRUST OTV (SEPS OR CHEMICAL)

. 0TV (LARGE CHEMICAL)

MOTV (FROM ABOVE) -
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TIME FRAME

ANCHOR CPPORTUNITIZS _ 80-85| 85-90 | 90-95 | 95-00 } 00-10

TRANSMISSION

DIRECT-BROADCAST EDUCATION - U.S. 0 0! Q'

DIRECT-BROAUCAST EDUCATION - DEVEL. COUNTRIES D 0 0! 0"

BUSINESS SYSTEM DATA TRANSFER 0 o o

ELECTRONIC TELECOMMUTING R D 0

ELECTRONIC TELECONFERENCING 0 0 0!

WORLD MEDICAL ADVICE CENTER D 0 o

TINE AND NAVIGATION SERVICES 0

IMPLANTED SEHSOR DATA COLLECTOR D 0 0 on

NATIONAL |HFORMATION SERVICES 0 0

PERSOMAL COMMUNICATIONS D 0 0

ELECTROMIC MAIL (EXCL. PACKAGES) D 0 0 o"

MEDICAL AID AHD INFORAATION = U.S. ) ) —_

TLLEOPERATION tRON SPACE R D 0
OBSERVALION

OIL/MINERAL LOCATION -0 9

CROP MEASUREMENT D 0 0

OCEAN RESOURCES AND DYNAMIC SYSTEM D 0

WATER RESOURCE MAP AND RUNOFF FORECAST 0

GLOBAL EFFECTS MONITORING (STO) 0 0 o 0"

LANDSAT D . 0

TOPOCRAPHIC MAPPING D 0

H1GH-RESOLUTION RESOURCE SURVEY D 0

HIGH-RESOLUTION RADAR MAPPING- R D 0

Figure 12,

Plan B - SPS Development to 1987 Decision Point (Baseline)
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Figure 12, Plan B - SPS Development to 1987 Decision Point (Baseline) (Continued)
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TIME FRAME
ANCHOR OPPORTUNITIES 30-85 | 85-90 90-95 | 95-00 §| 00-~10
PRODUCTS o
ORGANIC
150ZYMES (ALSO MEDICAL DIAGNOSTIC) R 0 -
UROIKINASE (ANT I COAGULANT) D 6
INSULIN (FROM HUMAN SOURCES) D )
INORCANIC
LARGE CRYSTALS {SI1ZE AND PERFECTION) 0
SUPER-LARGE~SCALE INTEGRATED CIRCUITS 0 P F o
NEW GLASSES (INCLUDING FIBER OPTICS) ] 0 0! o"
HIGH-1EMPERATURE TURBINE BLADES D 0 0
HIGH~STRENGTH PERMANENY MAGNETS 0
CUTTILS TOOLS D 0 - 0
TdiH-FILM ELECTRONIC DEVICES D 0 0!
CONTINUOUS RIBBON CRYSTAL GROWTH D 0
, ENERGY
LUNETTA )
NIGHT ILLUMINATION FOR URBAN AREAS- R D 0
NIGHT ILLUMINATION FOR ASP & INDUST OPERATIONS 0
SOLCTTA
NyutIT FROST DAMAGE PROTECTION R ) 0
REFLECTED LIGHT FOR GROUND-ELECT. CONV. : R R
MY
SATELLITE POWER SYSTEM (SOLAR) - R R
FUSION IN SPACE R R D D 0
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Figure 12. Plan B - SPS Develupment to 1987 Decision Point (Baseline) (Continued)

TIME FRAME

ANCHOR OPPORTUNITIES 80-85 | 85-90 90-95 | 95-00 } 00-10

HUMAN ACTIVITIES

SA St vl T

e

MEDICAL AND GEMZTIC RESEARCH D 0

SPACE VACATION CRUILES (SHUTILE FLIGHTS) D 0
ORBITAL TOURISM (LEO HOTEL) R v D 0
ORBITAL THERAPEUTICS D

ENTERTAINMENT AND ARTS 0

LURAR

UNMANNED EXPLORERS D 0

=1

LUNAR GRBITER D .
LUNAR BASE (SCIENTIFIC) R b 0
LUNAR INDUSTRY

SUPPORT ELEMENTS

T€

/
/

/

/

FUNCTIONAL

SHUTTLE/SPACELAB
LANDSATS/SCASATS

ol

COMSATS

PUBLIC SERVICE PLATFORM
LEO BASE

L=
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o' o' o'

GLOBAL WEATHER ANC RESOURCE BASE

LUNETTA (DEMONSTRATION)
sPs

FOWERSOLETTA
TELEOPERATOR (GSO)
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TIME FRA'E
ANCHOR OFPORTUNITIES 20-85 | 65-90 | 90-95 | 95-00 | 00-10
: |12
TRANSHISSION o
DIRECT~BROADCAST EDUCATION - U.S. 0 0! o .
DIRECT-BROADCAST EDUCATION ~ DEVEL. CCUNTRIES 0 0 0! ov
BUSINESS SYSTEM DATA TRANSFER ) o' o -
ELECTRONIC TELECOMMUTING R D )
ELECTRONIC TELECOMFERENCING ] 0 o
WORLD MEDICAL ADVICE CENTER 0 0 o'
TIME AND NAVIGATION SFRVICES 0
IMPLANTED SFENSOR DATA COLLECTOR D 0 0! o"
NATIONAL INFORMATION SERVICES D 0
PERSONAL COMMUHICAT IONS ) 0 o'
ELECTRONIC-MAIL (EXZL. PACKAGES) D 0 0' 0"
MEDICAL AID AND INFORMATION ~ U.S, D 0
TELEOPERATION FROM SPACE R 7 0
ORSERVATION
OIL/MINERAL LOCATION 0 - o'
CROP MCASUREMENT ] 0 v
NCEAIL RESOURCES AND CYNAMIC SYSTEM D 0
WATER RESOURCE MAP AND HUNOFF FORECAST 0
GLOBAL EFFECTS MONITORING (STO) 0 0 9! o
LANDSAT D 0
TOPOGRAPHIC MAPPING. D 0
HIGH-RESOLUT-|ON-RESOURCE SURVEY D 0
KIGH-RESOLUTION RADAR -MAPPING R D 0 e
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(Continued)
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Figure 13. Plan C ~ No SPS Development Past 1982 (Continued)

ANChOR OPPORTUNITIES
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LUNAR ORBITER
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SUPPORT ELEMENWTS
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COMSATS

PUBLIC SERVICE PLATFORM
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GLCBAL WEATHER AND RESOURCE BASE
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- Space Division

IMPLEMENTING CONCEPTS - RECOMMENDED PLAN (SPS TECHNOLOGY)

The implementing concept® Fer the envigiloned space industrigliaation
activities are summarized in Figire 14, These activities correspoand to
Program Plan A in which the decicion point on whether or not to proceed on
the SPS development occurs in 1987, after significant developmental programs
have taken place. In the years between now and then, we beliave that the best
overall strategy 1s to push toward en SPS capebility while capitolizing on as
many highly visible benefits as possible along the way.

As can be seen, Figure 14 is divided into three time frames --— each spen-~
ning a 10.year interval. In the first 10-year interval, the center of activity
is in low earth orbit and we use the Shuttle to its fullest extent including
adding a 25-kw power module that can be left in-orbit. We establish a public
service platform and a global weather and resources bage, both of which provide
wcrldwide benefits., We eventually establish a facility in low carth orbit that
is a construction base, a space factory, and space operations center. We leamn
to build large structures as a step toward SPS and put this to good use as we
make multi-hundred kilowatt power modules, and build an operational Lunetta
system,

In the second l0-year interval (the 1990°'s), the capabilities of the space
factory, public service platform, the solar terrestrial observatory, ana alsc
bring intc initial operaticn a satcllite powar system (or fusion or Powersuletta).
Beyond the year 2000, we utilize the moor to furnish oxygen and materials for
massﬁve energy-relsted projects dat the gensynchreonous altitude.

The chart also shows transportation additaons. The 1980's need only the
Shuttle and modifications thereto. A low-thrust inter-orbit propulsion system
also is needed. In the late 80's or early 90's, we develop a Jarge chemical
upper stage, capable of transporting man tc the geosynchronous orbit but nou
initially used in that mode. The big investment, however, is a uew heavy lift
launch vehicle {in the size range nceded by the SPS) and its corresponding
launch facilities. Beyond the 90's this becomes fully operational and addi-
tional transportation hard<are is needed te ferry cargo from the moon to tne
geosynchronous altitude.

The mainstream of benefits in the 80's is the services area: both
information and observation. The world clearly benefits in education, health,
and conservation of resources, and productivity. Lunetta now serves many cities
and is on call for special situations.

In the 90's, we move to operational status — a solution to the basic
energy scarcity problem. Beyond the year 2000 we make energy from our space
installations the major worldwide energy source. Throughout the entire program
we continue to expand services, make new products, and move toward full under-
standing, prediction, and localized control of our weather a2nd climate. Most
importantly, people get increasingly involved with space, first by receiving
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directly benefits such as information and light, but later on by direct parti-

cipation in the space activity itself — even to space travei.

industry partnership-for-growth develops betrween developing and industrialized
countries, between the scientific and the academic community and commercial

interests, and between space and terrestrial activities.

‘4& Rockwell International
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Figure 14. Space Industrialization Time Frame Summa

Progr.m Options

The hardware elements that are shetched in Figure 14 can
divided into six different categoiies:

1. Shuttle-Tended and Space Base Faclilitiles
) 2. Space Processing Facilities
3. Geosyuchronous Orbit Facilitles
- 4, Migh Inclination Orbit Facilities :
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,5'. SPS Development Hardware

Vv 6. Transpor.ation Elements

. These cix categeries of hardware and thelr associated operational procedures
will be discussed %g detail in the next six major subsections.

SHUTTLE~TENDLD AND SPACE BASE FACILITIES

The first step in any major space industrialization effort must involve
the intensive use of the Shurtie transporuation system's unique operational
capabilities. In partizular, the Shuttle's ability tc carry large two-way
cargos into space will be necessary in developing economical space manufactur-
ing and processing operations. 1In addicion, its abilitv to refurbish and repair
orbiting satellites will significantly enhance the reliability of wmany space
activities that might othterwise be of, at best, only warginal. lowever,
despite the rmportance of the Shuttle's operations to the space industriagliza-
tion efforts, tts role was not intensively assessed in the present study cffort.
This early part of the study was purposely hield te a mininum because of limited
funding levels and because many other studies have devcted much more abundant
resources of time and money to studying the Shuttle's potential operaticns.

For example, the NASA/ASE Engineering Systems Design Summar Faculty
Fellowship Prqgram* which was recently conducted by the College of Engineering
at the University of Alabana, investigated the promises of Shuttlé-tended
orbiting facilities in a highly detailed manner. It was the conclusion of
this study team that a powerful program could be usherel in by the Shuttle/Skylab
combination and that these relatively small begianings could evolve intu a
far~reaching evolutionary program that would include a small space station, a
space construction base, and orbiting supuart’ ‘facilities. The sketch in
Figure 15 was extracted from the final report published by this specialized
study team. As can be seen, it previews an asmbitious and forward-looking
program that includes many early elements in common with the early Space
Industrialization program.

Another detalled look at the possibilities that could emerge from early
Shuttle-tended space facilities has been conducted bj Rozkwell International
These advanced space station studics produced an evolutionary program which
- quickly expands from the early Shuttle sorties and Spacelab missions. The
mater1al to follow was extracted from the documents that *cere published as a
result of this extended study. -

Modular Facilaities

Both MDAC aﬁd the Rockwell in-house Space Station studies concentrated on
a modular approach whereby each modusle is Shuttie Orbiter compatible for launch

and also for retrieval and return to earth if this becomes necessary. As far as .-~

the tpace-Indusirialization study is concerned, these designs are considered

ruptesentative and are as good a basis for overall costing as anything avallable.

*Planning for Materials Processing in Space, University of Alabama Summer
Faculty Fellows in Lngineering Systems Dcsign, Grant No. NGT 01-002-095
(September 1977).
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MDAC Modular Space Station

Both the MDAC and Rockwell studies beagan with a Shuttle-tended module in
which the Orbiter provides all crew support and built from that to a continuously

manned sta»ion% The following 1s taken from the MDAC report* and is a sunmmary
of their system.

For the Shuttle-tended SCB concept, the initial as:ep in the buildup will
consist of transporting the pouer module to orbit and deploying the sclar arravs
and radiator systems, then, the space construction module will be attaclied co
the power module as shown in Figure 16, The power module will supply approxi-
mately 38 kW at the bus location. Also, the configuration is optimally oriented
with regard to the sun-solar array aspects as well as minimum drag considerations.
The oriautation is adequate for both low-and high-beta angle situations. This
concept (~» further illustrated in Figure 17, in which the Shuttle~tended mode
is shown supporting construction of the antenna system.

ORBITER {20 DAY} T H" )
T SUN
\ 1y ‘] <
~ ;34
J “ §""‘7powzn MODULE
. ._.)-..\_( ye " '
CRANE . Q‘/‘f,

SPACE CONSTRUCTION :

MODULE {SCM) DEPLOYABLE RADIATORS

N (2 AT 4.4 X 16M)°

1
! \ SOLAR ARRAYS HDAC
! T 16X 313Mm
*37 KW, TOTAL CAPACITY {2 WINGS AT 16 X 31 3M)

Figure 16. Shuttle-Tended SCB Concept

For the continuously manned mode of operations, a construction shack is
delivered into orbit. With this addition of the construction shack; the space
construction base would tave tne capability of being continuously manned. As
shown in Figure 18, coustruction of the 30m torus radiometer could be under-
taken and, with the construction of the 250 VW pover platform the antenna
could be completed follcwed by its testing and subsequent return to earth.

Spacelabs can be brought up and berthed to the eonstruction shack at
opportune times. Hence, the continuously manned construction base can replace
the Orbiter as the support vehicle and, since orbital duration is unlimted,
greatly increase the Ypacelab mission capability. Thus, continued utilization
of the existing Spacelab hardware and operational program structure is ensured.

.

Tte internal laycut of the space ccnstruction module concept is illustra-
ted in Fagure 12. The module arrangazrent is aominated by the crane turret and

berthing pecrts., Facilities for construction/test support while adequate are
not extensive.

*Space Station Systems Analysis Study. Part 3: Documentation, Vel. 1 Executive
Summary, McDorrcll Douglas Astronautics Company MDC G6922 (July 1977;.
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BERTMING PORYT
STATUS PANELS

I5M ARMS (2) ON

§gxg; CRANE ROTATING BASE
TURARET

INTERCOM

LIGHTING

TEST B=\e- DATA
CONTROL —-— A ACQUISITION
CONSOLE DISPLAY

@ERTMING
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i T00LS anp
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—-f .COMPONENT BERTHING
s TESTERS PORTS (4)

\\emencs~cv

FALLfY\
MDAC (RETROFIT) _
p—————9 5M {31 25FT) —

mpmnr—

Figure 19. Space Construction Module Concept

Facilities for coastruction control and crew support systems (not shown)
cccupy cthe opposite side o’ the module. These include display and control
medules, the microfilm retrieval unit, printer, schedule status panel and
battery chacging/gas repleiishment equipment for the Orbiter suit maintenance
and the life support systeuws. There is also a floodlight system whach has bccn
sized to illumirate a 1,000 n? sarface area with an 1ntensity of 216 lumans/mé
during the approxamately 36 minutes of darkness per oroit. These units will
require 5 kW durang oreration. For comnicteness, the berthlng/dOcklng port -

lighting, work position lighting tracking lights, and safetv lights have also
been evaluated.

The module, as presented, is not a stand-alone concept. As described
earliec, it requires either the Orbiter or the coastruction shack and either
the pover module or power platform to provide subsystems and resources for ity
operation. As such, it serves as an adjunct to the major SCB elewents with the
sole purpose 0f supporting construction. This approach results in a low-cost
system while providing the necessary flexibility to support other program -7
opticns.

Continvous manning will eventually be 1equired to permit long periods of
uninterrupted work, as in the space processing area, and to reduce the cost per
manhour in orbit by reducing transportation costs through longer staytimes.

This requires more habitability services fcr the crew than can be provided by
the Orbiter alone.
Al

The construction shack module (Figure 20) represents an austere low-cost - -
approach for crew quarters and facilities without compromising crew safety or
performance. As shown, the module contains a two-man Orbiter airlock with an
EVA hatch, a control compartment, a wardroom and exercise area in the region Qi 15
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PRESSURE
BULKHEAD o FIVE CREW
—elle 10CM QUARTERS
@IN) o MEDICAL
o EVA AIRLOCK e STORAGE
o EVASYSIEMS || ® FOUR BERTH'NG .
o ATTITUDE PORTS
CONTROL SYS || © EXERCISE
s PRS \ ° PECREATION/

o

’- /1\/\\/

cRyY TWOCREWS
CONSUMABLES OUARTERS
o O AND N3 FOOD MGMT
TANKS . "OWER DISTR o TRASH MGMT
e SPARES o CONTROL STA 4 WARDROOM
o ECLS
e THERMAL
CONTROL
o ELEC RACKS
o WASTE MGMT
o DATAMNSGMT
o COMM

MDAC

16 15M (53 F T} —— ————

Figure 20, Construction Shack Concept

tne berthing ports, and crew sleeping quarters. Storage racks provide space
for 60 to 90 days of consumables for a seven-man crew. The module has two
pressurizable cowpartuents separated by a common bulkhead.

Rockwell Modular Space Station

The following was taken from the Rockwell in-~house Space Station study
(Report SD77-AP-0127) - .

Gen .ral Design Requirements

The Shuttle Orbiter is the transportation system utilized to -lace elements
into low earth orbits. Consequently, all design concepts must be compatible
with the Shuttle as to size, weight, c¢.g., location and orbit altitude. The
maximum size of an element that can be carried as an Orbater payload is illus-
trated in Figure 21. The size indicated (48 feet) assumes that the Orbiter 1s
docked to an orbiting element or space station with a maximum diameter of 15
feet and that the element in the Orbiter payload bay must be extracted past
this i1tem. The extraction clearances considered adequate for this maneuver are
also shown in the figure. The maximum length payload when the orbit requires an
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OMS kit for proper orbit insertion is shown to be 39 feet. An additional

5 feet can be added to the length of the module when no rendezvous maneuver

docking to another orbiting element is required. The maximum module length,
therefore, can be 53 feet with no OMS kit or 44 fect with an OMS kit. -

Figures 22 and 23 show the parametrie charts that were developed to
determine the maximum payload that can be placed in orbif and observe the
acceptable c.g. location. The payload density was also verified. The maximun
density of 10 1b/ft3 was considered to be the upper limit so that all pay1oads
should be less thaa that number. Since most of the orbit operations are planned
for the 250 N. mile i1ange of altitudes, the primciple concern was to generate
data at this range of altitudes. Table ] summari-es the data obtained from
the charrs. A_uniform weight distribition was assumed for the modules, _here-
fore, the c.g. location nf the module was in the. center of the module. These
charts provided a first cut approximation when determining the fgns;blli:y of
launch to altitude of element concepts.

Fxtended Duration Orbiter (EDO)

The early periods of space industrialization use extended duration Orbiters
for missions up to 90 days duration, with crew compliments up to seven crewmen.
Certain modifications are required in order to accommodate the crew, provide
electiical power and ac:ept operations for these perlods. The following text
will describe the efforl accomplished in a separate IR&D study for defining the
Orbiter requirements for extended duration mi:sions. The iterns that were
investaipated were those of habitability, consummacles storage volume and water
requirements, clectrical power requirements, aud EVA influence.

kabitabilitz. The Orbiter crew cabin is desigred tz accommodate four
crewm?n and has dedicated storage volume for 42-man days. Consequently, when
mission durations exceed the baseline capability, additional provisions must be
made. Accommcdation of the crew involves the free volume per man, consumable<
storage and water quantities for drinking and washing.

Freez Volume., What is the acceptable iree volume per man for missions up
te 90 dazyst Previous studies by NASA!s? have addressed the question and the
resulis applicable to the extended duration Orbiter operations are shown in
Figure 24, This figure indicates that the available voiume per maa for a
seven-man crew — 120 ft3/man becomes unacceptable fo. mission durations longer:
than 15 to 20 days. No constraint on a four-man crew is indicated. The free
volume of 12C ft3/man includes both the upper and mid-d-ck volumes of the
Orbiter. The activities chat were evaluated to derive the curves of Figure 24
are listed in the upper raight corner of the figure and represent 211 of the
known activities that would be performed during a typical mission. lowever,
the activity of concerr for the EDO are those items associated with perconal
activities and sleep and privacy. These activities are assigned to the mid-deck

area of the baseline Orbiter. Thereiore, the volume of this area of activity
AN

'Freser, T. M., The Effects of Confinement as a Factor in Manned Space Flight.
NASA-CR-511 (1966).

2Fraser, T. M., The Intangibles of Habitability During Long Duration Space
Missions. NASA-CR-1084 (1958).
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Table 1. Module Sizing Summary
- % & *1 MOD | DENSITY
AYLOAD ORBITER TYPE
ALTITUDE | ncuinaTion | MOBULE | RATLOA ¢ | wardy | cReWpAss, | mobute
1SM, CORE
08, 3° 36,000 39,600 48 5 - ) 4 “POWER
240 o,
O 56,0 40,000 | 44,600 41 6.6 7 RESUPPLY
OMS . - SM, CORE
KIT 2550 35,600 | 48 1.2 4 POV/ER
250 ", 32,000
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’ 28,59 30,000 f 37,000 | 34 5.8 4 POWER
0
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KiT 28.5° 22,000 29,000 39 3.8 4 SM wcone
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only will be used in determining an acceptsble volume per man for the perscnal
activities and sleep and privacy functions. Figure 25 indicates the volume/man
available for two arrangements of the mad-deck. The baselinz four crewman
orbiter provides 95 ft3/man for the activities in question wilh onlg 67 ft3/man
for a crew of seven with the airlock in. A& volume per man of 84 ft2 1is available
when the airlock has been removed from thkz mid-deck and placed into the payload
bay. The 84 ft3/man is considerad to be =arginally acceptable. Hovever, sleep
provisions ars avaiiable per the baseline for only four crewmen. Additional
facilities must be provided when more thsz four crewmen are on board. For this
discussion, we are assuming that each crevmsn will have his oun sleep and
privacy provisions rather than share provisions. For missions of 15 to 20 days,
sleep arrangemgnts &8 shown in Figure 26 mayv be acceptable. However, for
miss:ons greater than 15 to 20 days, sleep arrangements in a sepdarate pressuriz-
able module placed in the payload bay is recommendec. The mid-deck area of the
Orbiter would be arranged as shown in Figuoe 27. This arrangement provides a
volume per man figure essentially equivale:: to that provided by the baselinc
Orbiter for the four crewman — 65 ft /maa for four crewman, baseline arrar zement,
versus 70 ft3/man for the seven crewman arrangement. The sleep and privacy
accomzodations of 30 ft3/man provided in t=e baseline Orbiter will be maintained
for all mission durations. Consequentlv, z nominal figure of 100 ft~ }/man for
personal activities and sleep and privacy functions is recommended for all
nissions. !

Consumable Storage Volume. The baselize Orbiter has dedicatzd storage
volume for 42-man days supplies. Aduiticmal volume mict pe provided for consum-
ables storage when mission durazions exceed e baseline. Thz amount of volume
tequiﬁed tor the various xfems 2relijed in = supplies manifesc is shown in
Figure 28. The manifest :aciudes th2 coutisgency supplies as well as’the
normal eperatiors ,upplies. The manmifest is also separdted Into fixed items
that are purely crew dependent and those thar are crew/time dependent. Figure 29
is a parametric chart developed from the manifest with weight and volume versus
mission duration relationships indicated. The basic Orbiter utilizes L;OH as
the CO2 removal agent. However, because of the large volume required for
storage of the L,0H canisters, the intruduczion of a CO2 regenerative concept
such as a solid amine or MOL Sieve concept for long-duration missions beccme
effective and this influence, therefore, is also represented on the parametric
chart.

An urailucated volume of 73 ft3 erists in the baseline Orbiter stowage
volume. In determining the amount of press:rized stowage volume required for
extended duration missions, this unallocazed volume is used as consumable
storage volume. Figure 30 indicates the volume required over and aoove the
42-man day baseline Orbiter ullocated volume rejuired for consumables storage.

Because both the sleep and privacy vclume and the consumables storage
volume are required to ve_in a pressurized mode, these two requirements can
be integrated. The concept of ut.lizing a short spacelab structure for this '
function was investigated. It was determimed that the spacelab module in
conjunction with the 73 ft” of unzilocated crbiter stowage volume 1a suffi-
cient to accommodate a 90 day mission duratisn with seven crewmen. A gketch
of this arrangement is illustraced in Figur=z 31, Sufficient volume is
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VOLUME AVAILABLE FOR PERSONAL OPERATIONS

o DASELINE ORBITER
e WITH AIRLOCK
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o 65 FT3/MAN - 4 MAN
o 37 FT3/MAN -7 MAN

FREE VOLUME
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©7 MAN -
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o UNACCEPTABLE FOR > 10 - 15 DAY
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Figure 26. Limited Duration Cabin Arrangement
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RECONFIGURED CREW MODULE FOR MISSIONS > 10-15 DAY DURATIUN

PERSONAL OPERATIONS VOLUME SUMMAKY

- 24 CREWMAN ,
- VWITHOUT AIRLOCK 7 CREWMEN W/O AIRLOCK
£ so} / & W/O SLEEP STA'S, .
Z 70} : -
$ 6514 CREWMAN'WITH AIRLOCK
8 s4—I — - }7 CREWMAN
g WITHOUT AIRLOCK .
| -
3720 |7 CREWMAN
|WITH AIRLOCK
A~ ELECT./ i
Y STOWAGE
0 I ! | i A L |
010 20 30 45 60 75 90

CONCLUSIONS:

DURATION - DAYS

© PERSONAL ACTIVITIES VOLUME OF =~ 100 FT3/MAN (70 FT3-PERSONAL

j B OPERATIONS, 30 FT SLEEP & PRIVACY) SHALL BE PROVIDED FOR

! ALL MISSIONS.

Figure 27,

© NO SHARING OF SLEEP/PRIVACY QUARTERS FOR MISSIONS
GREATER THAN 10-15 DAYS.
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7 CREW CONFIGURATION

CONFIG CHARACTERISTICS
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(NOTE: SUBSYSTEM COMPONENTS UPGRADED FOR MISSION LIFE TIME)
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Figure 30. Electiical Power Augmented Orbiter - 90 Day Mission
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3CONFIG CHARACTERISTICS
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available in the orbiter crew cabin to accommodate a 15 day mission with seven
crew man. The oibiter arrangement for this mission alsc is shown in Figure 31.
For mission durations between 15 days and 90 days, seven sleep and privacy
quarters can be provided in a separate module such as the Spacelab concept.
The rodule can also be used to store the consumables with its full capacity
not peing util¥zed until the 90 day seven man mission.

Crew Water Quantities. The crew-dudaxdng and wash water is provided by

g -Roel Bel¥s:” “The quantitles OF water required are shown in Figures 32 and
33 ic relatioashin to the fuel cell operation. ~TFigure 32 shows that sufficient
watcer is generated during normal baseline fuel-cell operations to accommodate
?our men for approximately 60 days. However, 1f a sever-man crew is preseat
then 1t will require additional cryo tarnk sets for missions greater than 30
days. Figure 33 indicates that the fuel cells need not be generating more than
2 ¥W to 3 «W of power to supply the tital crews dricking and wash water require-
ment. This data does imply that regardless of the operational procedure of an
EDO, i.e., utilizing supplementary power via a power module, the fuel cells in
the Orbiter must continue to be operated at the 2 kW to 3 kW level in order to
provide the water even when it is not required for electrical power.

Electrical Power. Figure 34 illustrates the Shuttie Crbiter electrical
powerjcapabllltj. Seven cryo kits can btz irstalled under the payload bay lines,
thus permztting total volume utilization of the payload bay. This arrangement
will also provide 7 KW continuous power to the payload up to approximately
11 days. Missions requiring larger durations also sequire additiomal cryo
kits. These additional kits will be placed in the paylovad vclume thus re-
ducing tpac available for payloads. The reduction in available payload
weight as a function of mission durations and cryo kits required is shown
in Fiaute 35. . The observation to be drawn from these two &harts is that
for mission durations greater than 11 days, augmented power ir the form of
an Gsbit*ng power module would be desirable. This arrangement would permit
total utilization of the payloud bay. Figures 36 and 37 show con-
figuration concepts for a 30 day and 60 day orbiter utilizing the augmented
pover.

Extra.Vehicular Activities (EVA). A very general analysis was performed
to determine the affect on the Orbiter stowage volume 1f the number of EVA's
exceeds the Orbiters baseline facilities. The influence of more than two crew-
men performing EVA was also investigated. Figure 38 illustrates the various
Orbiter configurations from which EVA could be performed. The figu-e also
indicates the amount of consumalbles required for each airlock pressurizatioa,
and the volume required for each additional extravehicular mobility unit (EMU).
Forty-five pounds of consumables is required for each additional airlock press—~
urization which occupies 2.5 £t3. This volume is not required to be in a

ressurized environment since it represents tankage volume. However, the
11 fe3 required for each EMU is pres-urized volume, and must be accounted for

along with the additional volume required for extended duration missions habi:-
ability considerationms.
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® CONFIG CHARACTERISTICS
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© CONFIG CHARACTERISYICS
o EPS
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Figure 16. Electrical Power Augmented Orbiter -~ 30 D1y Mission
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ORBITER EVA CONFIGURATION
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Space Station Configuraticn

The fupctional elements required to support space sciences and construc—
tion, and the build-up sequence of these elements, are illustrated in Figu*e 9.
The early years utili.e the extended-duration orbiters; this was described in
the previous section. The elements required ace: (1) a power mocule, (2) a
mission equipment module, (3) a cargo module, (4) a core module, (5) a habita-
bility wmodule, and (€) a combination habitability and laboratory module.

Power Module., The first element required is a power module. This module
provides power to the extended duration Orbiter as discussed earljzr. This
module also has the capability to become the initial element in tlie Spece
Station. Conseque1tly. the module rust contain those subsystems that will
ptovide it wich the capability to remain in orbit, i.e., GN&C, RCS, thermal,
etc. The initial power.module is sized to produce 25 kW continuously with the
capability to increase the power output to 50 kW. A typical power demand is
illustrated in Figure 40. Two sizing concepts vere investigated. The first
concept would put the largest module in orbit, but only deples.gmeusgh array te
meet the demand. By this concept, oie size solar array only would be developed
and would replace the init:al array when required. This concept proved to be
inefficient as illustrated. The largest array possible to place into orbit by
th~ Shuttle could only provide three years of service even when sequentially
deployed.

The second concept investigated provides a 25 kW solar array in the first
3 years and another module with a 50 kW capacicy is placed into Orbiter for
a 7 year period. The latter concept was pursied and the configuration of the
initial wodule is illustrated in Figure 41.

Mission Equipment Module. This module wasg developed to prqvide facilities
for various operations. The major areas of operation were the containerless
processing facilities used to produce crystals, a biological ptocessing facility,
a direct solidification marufac.uring facility used for the production of
magnets, and a'life sclences facility. Supporting services for these major
functions included a biological analysis facility, a common data analysis
console, a photo lab and film viewer, and an optical calibration laboratory.
Consoles for sensor control of solar terrestrial observations was also provided.
The module was designed to accommodate expansion of the major operations
facilities., Figure 42 illustrates the facilities arrangement in the module
and the changes as required for the increased operations activities. The final
~tage of the facility has additional storage capability as the driving requive-
ments. This requirement was accomplished by placing the life sciences facility

in the second habitability module. The additional volume created by the
temoval of the life sciences facilities provides the additional volume re-
quired for operations storage. The module is pressurizable and is designed to
be operational in a shirt sleeve environment. : All of the atmospheric control
is provided by the Orbiter in the early phases of the program and later by the
Space Station. The heat rejectinn is provided by the module with radiators
around the outside perimeter of the module.
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Carpgo Module. The requirement for a cargo module was first imposed in the
program to §upport the mission equipument module. This module is utilized to
transport m?terials and supplies for the operation of the space processing
facilities Vithin the mission equipment module. The module also prov1des the
means of returning the completed products to earth. The module is pteSSurlz-
able and opetat10nal in a shirt sleeve environment so that it is couwpatible
with the mission equipment module and power module.

This same cargo module will be outfitted as a pantry unit to be used as
part of the Space Station complex. This concept appears later in the progran.
The configuration of the module is illustratea in Figure 43, All of the
consumables necessary to operate the Space Station 1is carried in tne cargo
module including watei and nitrogen.

1

Core Module. The core module 1s required when the space activities
indicate the need for a permanently.habitable facility. The core uodule
provides the attaching facility for the habitability wmodule and cargo module
with provisions for future growth of both increased crew and increased opera-
tional facilities.

The core module provides the passage viay between the modules. An EVA
airlock located in the center of the module separates the mocdule into two com-
partments. This sepacation provides the two pressurizable volumes that permit
a safety retreat for eumergency condivions. By outiitting tne one compartment
adjacent tc the power rodule as an emergency volume containing emergency food,
hygiene, and four sleep provisions, twe independent habitable volumes are cre-
ated. The first habitability module is placed on the core module that 1s furthest
from the pcwer module. The arrangement is shown in Figure 44.

- The core module also contains a 25 KW secondary power installation uti-
lizing fuel cells and electrolysis units. This power installation plus the -
25 KW power capacity of the power module provides the capab1ljty of a 50 KW
system. Redundancy 1is also provided with this arrangement.

An RCS cluster is aiso provided in the core module to supplement the unit
in the power module. The H2 and 02 propellant for these engines are provided
from the electrolysis units.

Habitability Module. The first of two habitability modules required 1is
configured to provide accommodations for nine crew. ™ » arrangement of the
module 1s illustrated in Figure 45. In addition to the crew accommodations
a central control console is installed. This conscle controls and monitors
all subsystems.

The module is divided into two compartments identical to the mission
equipmént module. The lower compartment contains the ECLSS subsystem, and
the water management system. This module provides the atmospheric control
for the total station. Radiators on the suzface of the skin provide the heat
‘rejection capability for the subsystem equipment.
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A second habitability module -~ Figure 46 , is plaaned for later in tne
program. Tlns mrdule 1s required to accommodate additionai crew - up to
twelve total. This module is outfitted to accommodate six crew wi-n the life
sciences and medical ctreatment facility. While the first nabitability module
is reconfigured to accommodate the other six crewmen and upgrage tane galley
and dining areas to accommwaate the total crew of twelve.

The lower section of the second habitability module also centains the
ECLSS and water =management subsystems, thus creating a redundant arracgement
within the station compléx. This second habitability mod&le 1s placea on the
opposite side of zne airlock from tne first nabitability module. This arran-
gement taerefore provides equ..alent functions in eltner pressurizable volume.
D

Cormonalitv. Of the s1x wmodules just described. four have identical
shell structurés - habitabil:tv modulas, carge modulza and ajssion equipment
module. The cargo module 15 shortter than (he haby abilit. aodule -— 33 feet
versus 28 feet — oyt the basic shell is identical. Tie core module and tne
power molule huave identical saell structures. Therefore, only two arfferent
trvpes of suell structures are required.

Space >Station Complex. The Space Station thas evolved from this progran
has the capability to dccomrodate a crew of twelve, has 50 kW of eleetrical
power availuable und accummodates vartous space processing Jdctivitles, and -o e
functions of the <oldr terrvestrial oosservatosy functions. I tne eleven
berthing ports availatle, two are utilized four the habitabilitv moaules, two
ports are assigned ro cargo module beiwning, one vort accommodates the space
prucessing facility, one port accommodates the solar terrestrial sensor paclage,
and one accormodates a lJ-peter diumeter solar terrestrial antenace. Une port
1s also allocated for Urbiter perthine. ' Two ports, therefore, are unassigned
and can be utilized for berthing other modules and as servicing ports for free
fiyving modules.

Space Station Facility Usi:g the Shuttle External Tank

The use of the >huttle external tank (LT) as a space station element was
also studied in-house by Rochwell and was the configuration recommended by
Grumman in their coptracted Space Station studies¥® Also, the University of
Alabama Sunmer Study at MSFC recommended use of the ET.

Grumman Space Station

The followinyg was taken from the Grumman report* and 1s a summary of their
svstem. The key feature of their concept 1s that the ET 1s used as a con-
struction atroangback and no use is made of the internal volure of the ET.

The process of growth of the Space Station 1s illustrated in Figure 47,
An Orbiter oprings its external tank into orbit inotead of jettisonu ¢ it prior
to orbital insertion. The tank has been modified externally before launch to

*kSpace Station Systems Analysis Study, Final Report, Executive Summarv,
Grumman Aerospdce Corporation Report No. NSS-SS-RP022 (July 27, 1977). )
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Figpure 47, SCB‘Early-Tended Growth Sequence

provide anchor points and two rails for the mobile Cherrv Picker. Unce tne
Orbiter/tark 1s docked wo the iPM, the Cherry Picker carriage is devloved and
attached to the rails of the external tank, u.ing the Orbiter RMS. Then the
rendinder of the Cherrv Picker 1s ussembled to its carriage. The Cherry Piiker
is then used to build a short extension tower on the aft end of the tank and
relocates the 1initial power module (IPM) solar arrav and :ts original tower
there, adding a titth SEPS-type solar array in the process. /

A total of three flights, including thac for the IPM completes the growth

to an early-tended space construction base (SCB) with laboratory and habitation
nodules.

The following four kev technical and programmatic features result from
our approach in defining the growth from IPM to tended SCB:
1. Increase mission capability by adding the construction system
betore Lhe provisions for further space manufacturiaf development,
This alternative was chosen for two reasons:

o Construction activaty permits increased SLB power,
SP> development, ana public service platforrm (PSP)

° Two main constructioa system elements have more than
construction functions — the external tank workbench
provides a rugged, large area, structural spine on
which all subsequent additions accrete and the
Cherry Picker provides far-reaching mnobility for 4ll
external operatlons

-

2. Meet the steadily increasing power demand by building an advanced . :
powver module rather than adding wore SEPb-type solar arrays. This
choice promotes the development of lighter, lower cost, automatically
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fabricated thin-film solar blanket. .In addition, it provides
syuergistic support for the SPS Develrpnment Program, with light
space structure fabrication and assembly experience, and by
making available a power wodule buiiding block suitable for
space power development assembly (SPDA) multiple assembly.

Use 7~-m lbng Spacelab modules, suitably modified as pressure
modules for laboratories, habitation and subsystems in both
LEO and GEO. A new 10-m long module would allow more flexible

internal arrangemerts but the Spacelab module costs about
$130 million less.

-

The external-tank workbench concept is chosen for the space
platform on the basis of its:

(] Rapid avaiiabilicy after launch

e Strength, rigidity and size

° Precision mounts of rails and hard points

] Large external pariAing area

e Linear inertia characteristics favoriﬁg
gravity gradient flight

o low Paylcad weight penalty and zero pavload
volume penalty

.

Potentially useful internal volume

In the following subsection we review the early construction activity,
b)
then describe the major features of the construction systen.

Construction System

The construction tasks occupying the mid 1980's are summarized in

Figure 48. Starting in early 1986, the tended SCB, powered by SEPS solar
arrays, constructs an advanced power module (APM). Upon completion, this

first APM of 250-kW 118-v solar output takes over the SCB power supply duties -
from the SEPS arrays. Following this, SPDA No. 1 is constiucted, tested while
still attached to the SCB, and then launched as a free-flyer for further tests
in LEO.

At this stage, SPDA No. 1 incorporates development antennas and a
parr of 2507kw APM's, running at 20/40 kv. While these tests continue, PSP
No. 1 is assembled, checked out, fitted with interim upper stage (IUS) solad

rockets, and despatched to its operating station in GRO. Next, with an in-
crease of construction tempo at the stzrt of the manned SCR phase, three nmore
paire of APM's are fabricated, then, driven by their own fligat contrcl/propul-
sion subsystems, ferried to the free-flying SPDA and docked to it. When this

assembly demonstration {s complete the SPDA, now grown to the 2 Mw power level,
is propelled by an IUS SIZ! to GEO, unmanne-.

The heart of the SCB construciion system is the single modified extermal
tank. See Figure 49, The tank modificationg — carried out on the ground
before STS assembly and launch -~ are relatively simple. They consist of the
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following additions, running approximately the fuil length of the tank.

cy Two rails for the Cherrv Pickers
Six general purpose mounting rails with pickup points
at rBgular intervals

6 Two pcwer bus trays

o One cable tray ‘

As shown, the total weight of these modifications is about 2,600 kg
including contingency. When a similar weight is added, which represents the
payload reduction penalty previously described for bringing an eateiral tankh
all cthe way to the 396-km/28-1/2° orbit, the total equivalent puavload weight
for this 45-m long workbench is 5,200 kg.

During Part 2, we concluded that the great majority of structural com-
ponents to be handled by the Cherry Pickers would fall below 1,000 kg mass.
On this basis, a maximum load at the tip of the end effe:tor of 980 newtons
(100 kg force) represents little or .10 inhibiticn on the speed of construction.
The Cnerry Picker rails have been sized for three times this load and the loads
have been carried through to the major tank frames (. 6 m apart) without
depending on the smaller, intermediate, frames (see Figure 50).

By mounting these rails on the tank as a ground factory task, potential
align-ent/waviness problems of space assembly of a rail track vill be avorded.

The Cherry Picher carriage (see Figure 51) captures these rails betwecn
fcur pairs of wheels and translation along the track provides the first of
tweive degrees of freedom available at tae aaulpulator ead-effector wrists.
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: l h t ® MAXLOAD AT END EFFECTOR (OPLHATININALY 9B NEW!
|
h ! ® SAFETY FACTIOR FOR TRAL X INSTAL DE SiuN 30
LATERAL RAR LOADS [ ! | i'“ o CHERAY PICKL R DIV KSIONS
CARMIEDTOMAIOR | | £} wHEEL BASE apM
BULKHEADS BY TAUSS \‘ i et 181 AD M
STRUC TUNE | i; MAGMUN RLACKH 37508
N ]
l ]\ i © MAR WHELL LOAD uN PLANL OF WHEEL) - 13 700NEWT
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s /'l I — ‘
RANLS %0
e
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Figure 50. Cherry Picker Rail Installation
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A pressurized bubble mounts the two short manipulators and provades a
shirt sleeve environment for the Cherry Picker operator. Access to the
bubble is through a berthing port which can be positioned and joined to a
similar port in che tunnel attached to the accomrodations module.

As shown earlier, the automatic fabrication module or !cam o lZve is
mwounted athwartships on the external tank -—— opposite tae Cherry Picker rails.
Curvcent design studies have been aimed at an aiuminum (2219 T6 or 2026 T3)
beam builder that will fit upright in the Orb:ter cergo bav. This machine is
necessarily short (4.3 m) weighs about 3,400 kg and couspmes about 1.7 kW at
1-m/min building rate. Previous studies indicated that SPS anteana structures
w:ll probably be of composite material (e.g., graphite/epoxy or zraphite/poly-
atuersulfone). A beam builder for this type of material would be mechanically
yiopler, somewhat longer, v.ould weigh about 2,800 kg and, because of its
paterial heating needs, would consume 4.5 kW at 1 m/min.

We have made provision for one beam builaer in the construction system,
and have allowad for the mass of the heavier one and the power requirements

of the composite oeam builder. There is acple room for both should they be
needed.

Rockwell rxternal Tank Construction

un each Shuttle flight, the external tank (ET) almost reaclies orbital
velocit:. #¥reliminary calculctions indicate that an ET could be modified and
launchea into- orblt with an unloaded Orbiter (except for OMS kits). In tne
design shown in Figure 32, the aft bulanead of the 07 tank is duplicated as
the forward bulkhead, and a straight section 1s added so that toral volume
remains the same. The forward cone 1s reconfigured into a docking section !
and three stcries cf living/working arra, each néarly 27 feet in diameter.
Basic Shuttle Orbiter subsystems are installed, and are operated by Orbiter
software. In addition, new long-duration Iife support equipment 1s used. On
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orbit the 07 tank 1s opened and pressurized for habitability, and the aft
bulkhead of the H2 tank {s removed by explcsive chazges (like the SLA on
Apolle). The Oy tank can now houge free-floating space manufacturing items,
the outfitted floors can bé a habitar and control center, and the Hy tank
(never pressurized) can function as a warehouse, machinery yard, and con-
structicn platform. The ET construction base (ETCB) docks te a 25%kW power
module which 1s already on orbit, and Spacelabs can dock to the docking ports
and receive the same interface support that they do when in the Orbiter pav.
Redundant equipment, supplies, and mission equipment can be brought up on
separate Shuttle flights. If slightly more launch energy is needed for thas
one launch, the fill procedures can probably be modified at KSC to stbcool
the LH) and LO; for more total propellant availability.

As shown in Figure 53, the aft bulkhead of the ETCB can be explosively
separated on orbit, leaving the internal volume of the hydrogen tank exposed
to the space environzent. Fittings and tie-downs can then be placed on both
the inside and outside of the tank. Figure 54 shows this space station
performing construction operations in LEO.
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SPACE PROCESSING FACILITIES

One of the major new space industrialiaation initiatives identified by
various investigators is the development of one or more on-orbit processing
facilities for the manufacture of certain very high-quality products. Although
orbital transportation costs are high, the special environmental properties of
space — zero-g, hard vacuum, low vibration, etc. — are so beneficial that
the production of several dozen differen. products in space appears to be
economically attractive. i

It is cbvious that the orbital location of such a space processing facility
will have an important impact on its intrinsic performance characteristies. In
particular, the transportation costs and the solar 1llumination are strengly
dependent upon the selected location. If the facility can be located in full
sunlight most of the time, the need for energy storage can be greatly reduced.
However, in general, those areas in space that have the most solar illumina-
tion tend to be relatively inaccessible. The polar plot at the top of Figure 55
pinpoints a collection of candidate locations. The radial distance represents
the altitude of the orbit and the angular location represents its inclination.
The bar chart in the lower porction of the figure represents the Iractioa of
time each candidate facility will spend in full sﬁnlight. Note thac two of
the locacions are iliuminated almost continuously. Low-altitude sun-synchronous
satellites in dawn-dusk crbits receive full 1llumination about 98 percent of
the time,” geosynchronous satellites are illuminated more than 99 percent of
the time, Though attractive from the viewpoint of nearly continuous energy
production, these special orbits are relatively inaccessible to tle Space Shuttle.
The Shuttle can carry, at most, only about 15,876 kg (35,00 1lb) of payload into
a low-altitude sun-syncihronous orbit. Its geosynchronous capability {assuming
the use of a proverly-designed reusable upper stage) is about 3629 to 544 kg
(8000 to 12,000 1lo). The Shuttle's payload capability for a 55° low-altitide
crbit is improved considerably, but 1t still amounts to only 18,144 to 27,215 kg
(40,000 to 60,000 1b). Therefore, since transportation costs will dominate the
economics of space prcrcessing operations, it seems clear that a low-altitude
28.5° orbit {Shuttle paylnad capability = 29,483 kg (65,000 1b)] is by far the
most viaole s2lection. This is true despite the fact that thle procebsing
facilities will be sun-1lluminated only 31 to 40 percent of the tiﬁe'

Space Processing Facility

The space processing facility that was designed as a parct of the ru.¢
Incdussr.acizariy study effort is shown 1n rigure 36. As nan be segen, 1t
conslsts of two basic structural elements: a solar cell power array and a modi-
€.ed external tank (Jdelivered intc orbit in a earlier Shuttle flich:zj. The
solar array accomnodates six gallium aluminum arsenide ~ell bianiet., that
aeosure 16 meters oy 14 meters. ‘1he structure is ds:rembled fiom four space-
nanufactured beams that are connected to the interatuge area of the external
tank. The total length of each long beam is 10b rerers.

Modifications to the external tank include an RCb/propulbion module dock-
ing to the forward end af the LOX tank, attachment brackets attached to the

1

*Continuous .llumination is achieved if the orbital altitude is between 1389 -
and 3334 x2 (750 and 1800 nmi). .
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inter-tank area, electrical and control wire harncus and LH? tank connector
panel, ajdocking ring (for the Orbiter) at the aft Orbiter support points and
a system for jettisoning the aft dome of the LMy tank.

On-orbit, the erntire configuration flies with the solar cell panels normal
to the sun, providing a peak power of 560 kW. The interfor of the LH2 tank is
coufigured for equipment insertiun while en-orbit. For space processing, a
continuous power level of 300 kW is available by utilizing Ni-Hy batteries
assembled in a four-meter diameter modvie. This battery nodule is 12 meters
long. The remainder of available lencth (aporoximately 11 maeters) in the LH2
tank is reserved for various process equipment (furnaces, magazines, etc.).

The present configuration is estimated to weigh approximately 68,000 kg, with

the external tank included as 34,000 kg of this weight. The electrical battery
module accouats for approximately 16,000 kg and the process hardware amounts to
7,500 xg. A raw material re-supply weight is estimated at 4,500 kg, including
expendable process gases. -

The presently configured {acility is outfitted for zome refining and
ecrystal growth. The fifteen furnaces are capable of producing 750 boules of
finished product every 60 davs. With Shuttle servicing of raw materisl maga-
zines and return of finished product, the space processing facility is sized
to yield 4500 boules per vear. This is equivalent to 21,150 kg/year

' (46,636 1bs/year). Further extrapolaticn would lead to a total of 30 Shuttle
fligars per year Lo service 10 such processing factories, to yield over
200,000 kg of finished preducts.

Facility Design
T

The d;sign of the space processing equipment was based on exiéting experi-
mental units currently under development. The product size and associate power
requirements, weight and process time were carefully adjuste? in an effort to
size the orbiting factory needed to contain a production quattity of process
equipment. A few of the desirable charac.eristics for a Space Processing
Facility can be listed as follows:

1. Solar array electric power should be utilized for nrocessing.
Limiting array size should correspond to technology available
1o the 1980 to 1990 time frame.

2. A platform or hardback should be furnished to gupport all
process equipment.

3. Battery power should be utilized for peak loads and to main-
tain constant power even during the eclipse periods.

-t

4. The design should be compatible with the Shuttle payload
capability during on-ovbit assembly and ror periodic
servicing and product transfer opecations.

5. The facility should be completely sutomated and unmanned
during a reasonable batch process period.
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Ana}ysis of a few viable process operations for power cgnsumed helped
in sizing the proposed hardware elewents. However, this Af#screte desizn will
undoubtaedly be heavily modified in both layout and function once psrticular
products and space environment ?tocessing have been proven experimentally.

General Arrangement

The facility shown on Figure 57 (Dwg. 78255-005) consists of two major
elements: a soliar cell array and a center structure derived from the ET.

A representative product, Zone Refining and C.ystal Growth of Silicon,
is examined in detail in order to show the equipmert design and location within
the facility. This partacular process is considered to be representative of |
the many processes that could be carried out in space in a profitable way. Of
course, vearly production levels and Shuttle servicing periods are expected tc
vary for each individual process.

Solar Celi Array

The solar array consists of four manufactured beams of triangular cross
section, connected by several similar but chorter beam members at eilght poiuts
along the span. An overall triangular cection results in a ceater bay designed
to accomnodate the 8 meter diameter of tne exte®nal tank. Overall dimensions
are as follows: span = 106.66 meters; width (including reflector panels) =
32 meters. .

Six of the seven bays are ildentical from a structural viewpoint in that
they utilize solar cell blankets that are 16 meters by l4 meters. The structural
beams are configured to b2 held in position on three sides by the connecting
struts and diagonal tension tapes. Auxiliary equipment, such as RCS packages
and momentum wheels, are installed during on-orbit assembly.

Solar Cells and Blanket

AW

The upper face of the _structure éonta{ns six ldentical bays which measure
16 by 14 mezers. A blanket, containing the solar cells, {§ bFrought to the site
(in a rolled condition) from the Shuttle and all four edges are installed by
lacing them to the structure. The Space Processing Facility requires a large
amount of electrical power; therefore, gallium aluminum zrsenide cells were
chosen with a concentration ratio of 2:1. Thin film substrate, gzmilar to that
envisioned’in earlier SPS studies, was utilized. The total cell area was sized
at 1344 met?. The peak electric power to be expected from this array is 560 W
at end of life. However, the space processing demand should not be basad on
this maximum power level, but on a much lower continuocus power capability of
300 kW. This reduction was necessary to provide for the effects of solar
occultation, conversion losses during battery charging, power losses due to
of f-optimum sun angles and gradual cell degradat:on due to radiation damage.

Side Reflectors
The solar array is provided with side reflectors canted at an angle of
60 degrees. These reflectors consist of a-thin mylar film covered with a

reflective coating. They are located on each side of the solar cell bays and
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they are aupporced by telescoping extension rods and wire bracing. The re-~
flectors ure sized to provide a 2:1 geomstrical concentration ratio.

Electrical Power Generation

Each solar c;il is connected in series and parallel combinations to a
main electrical distribution harness which, in turn, is routed through a
special penetration fitting mounted cn the forward dcme of the LHy tank. The
installatior. of this penetration fitting is one of the few pre-launch modi-
fications required on the tank. The wire harness is attached to the solar
arrav structure and routed to the inter-tank structure area of the external
tanKs

Basic External Tank Charactaristics

The basic Shuttle external tank provides s hard back end containment
structure for sny process equipment envisioned for the time period of interest
(1980 to 1990). The tank can be flown into orbit by adding a smill extra
impulse near the end of the Shuttle flight. In this way, the tank is brought
to orbit rather than allowing it to-re-enter the atmosphere. Once it ie In
orbit, 1? orovides the structure for on-orbit assembly of the solar arcay.

Pre-Lsunch Modifications - External Tank

The following modifications to the externul tank will be neceesatv prior
to launch:

1. [Isteblish s docking ring structure on the forward end of
the LO2 tank for later RCS module attachment.

2. Install support structure and brackets to the inter-tank

structure for aventual attachment of solar array beams.
3. 1Install wiring hammess and penatration panel on dome of
LH2 tank.

<)

4. Acttach lengitudinal support beams in the LH; tank. Also
add miscellancous metal brackets and tie points intermal
to tank.

5. Affix external pyrotechnic cutting lines, additional controls,
and tractor-type rocket to aft LH; dome,

All of the above listed modifications must be made in such a way that they do
not interfere with the normal functioning of the Space Shuttle.

On-Orbit Modifications

Various on-orbit modifications are required to prepare the external tank
for building up the proceseging facilities. Fundamentally these on-orbit
operat’ons conaist of sepirating the frbiter from the tank, activating the
aft dome vemoval system, removing dome structure by firing of the tractor
rocket, and usirg the Orbiter RMS to install a docking ring to the two external
tank/Orbiter attach points for future Orbiter docking and servicing of the
processing facility.
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Exterior and lnterior Additions to Processing Facility
External additions to the Space Processing Facility include the following:

1. 1lastallation, balancing, and startup of two momentum wheels
in che solar array cross secticnal structure. These wheels
rre delivered in rim sections. The hub and the wire bracing
are delivered by subsequont Shuttle flights and 1nsta11ed by
EVA operations,

2. Keaction control packagas, designed to be installed in both
ends of the solar array lower beams, provide gross mareuver
capability during the life of the vehicle. In addition, a
large diameter (4 meters) package is docked to the forward
end of the LO2 tank, The larger module would be designed to
provide sufficient propulsion to raise the assembly orbit to
the desired processing altitude of 500 te 600 kilometers.
Thnese licms arc compatible in slze and weight with Shuttle
capabiliries,

3. While cthe Shuctle is docked to the afc docking ring, its
Remote Maneuvering System is utilized to extract, unfold and
install two radiator panels to the side of the external tank.
Existing fittings previoLsly used for solid launch rockets
are used "to mount one edge of ;he rediator panel to tha
external tunk. A total of 576 m? areg or 288 meters per side
is avallable for heat rejection.

Electrical Power Storage - Internal Package

Electrical energy storage 18 required to guarantee continuoug processing
even during cclipse periods, OFf all the rechargeable battery systemns, the
nickel-hydrogen cell appcars to be the most fcasible for this application.

The following assumptions helped in sizing and configuring the battery module:

1. Low carth orbit (30 minute eclipse)
2. Low inclinacion orbit

3. Battery temperature range 0° to 20°C

4. Battery load 500 kW (this correspunds to a 250 kWh storage
requlirement for the eclipse period)

S. Baslc characteristics do not include charge/discharge conttox
electronics welght and  efficlencies.

The battcry module dewign censiets of 15 pressurized containers all within
the four meter diamet.r compatible with the Shuttle pavload bLbay, a length of
approximately 480 {nches -»nd a wotal veight of 34,700 lbs. This ten-year life
system will undoubtably be the subject of many design and economic trade-off
studies as this energy storage technology progresses.
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Structural Supports - Interior

A structural system within the LH; tank will be rzfutted to locate the
equipment essentially on the centerline., The four-metsr diameter modules are
attached to two longitudinal teams (ground modifications) and stabilized by
u network of cables., Llectrical junction boxes, wire harness supports, heat
pipe installations and insulation blankets are attached to a set of brackets
which are attached to the tank prior to lsumch. A completely automated control
system for ele@trical ond tharmal conditioning is installed in the same manner
prior to installation of any space processing modules., Mechanical clamps and
fasteners are urilized with existing internal tank structure to winimize the
effect of adhesive material outgassing in the presence of any space processing
operation.

Shuttle Servicg to Facility

The firset few flights of the Shuttle to the processing facility will carry
general factory equipment. Later flights will bs dedicated to specific process
equipument modules, After stasle docking has been accemplished, all the modules
and equipment may be inserted in the open end of the LH; tank. The processing
facility has been designed to operate in an unmanned condition. However,
maintenance ¢f the external tank, tha radiators, the momentum wheel, and the
solar panels may alsc be accoaplished by LVA operations. Replacement and -
servicing of RCS packages is to be accomplished by the Remote Maneuvering
System {RMS).

Vigite 2 the Space Processing Facility will eventually be gcheduled to
harvest a fuvll load of processed material ana will not~futerfere with normal
processing., Specific processes will have periods of material change-out and
the Shuttle may dock at these times.

Other Factofy Capabilities N

The Space Ptocessing Factory is configured to accommodate a varled supply
of specialized gases in tanke mounted on the internal structure. These gases
will be used in specific space proceeses.

The LO2 tank of the external tank will serve as a fully cortained dunping
facility. This containment function may be required to maintain a pure ensiron-
ment in space in the vicinity of the process modules. The LO2 tank may also be
ugeful for re-filling and use as a propellant tank in certein orbital traasfer
operations.

Space Proceasiag Candidates

Processing of materials in space env.ronment is still in {ts in{ancy.
Experimental turuacss, lsvitation units and vapor transport devices &re
currently being designed for early Shuttle flights. The results of these
experimental procedures will serve to gulde future’ programs and product manu-
facturing toward a dedicated Space Manufecturing Facility. .
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Haky products, some not yet conceived, will be experimentally processed
in space. The extension to a production facility will depend upot the enhanced
quality and economic advantags gained by space processing.

°

The presently proposeu Space Processing Facility has been designed to
accomplish the melt zone refining of silicon crystals and crystal growth, The
pover requirements and the raw material wzights have been tailored to fit within
the capability of the proposed design.

This process and the associated desipns are considered representative of
other processing modules only in the sense of providing a basis for estimating
the rough order of magnitude sizes, weights and cnsts that may be anticipated
when spece processing facilities reach operational status.

Zone Reflning and Crystal Growth Concep.

The design of zone refining and crystal growth hardwave aas been accom-
plished by other researchers for early Shuttle flights; however, an extrapolation
in specimen size, weight, furnace power and number of processed boules was felc
justified to guarantee a high yizld, low number of visiting periods and efficlent
urilization of power, The characteristics of the resulting procuss are as
fullows:

Boule S cm, dia x 1 meter long
Growth rate 5 em/hour (continﬁous)
Power/Furmace -20 kW (continuous)
Number of Furnaces/Factory 15

Furnace and Magazine Design

The experimental furnace concept devised by otheis was retaired but sized,
as shown in Fjgure 58, to process the larger boules. The scrap length‘of the
boules was minimized by using a hollow chuck for a rotation drive. Thc tra-
versing mechanism was designed to protess over 3 100 cm length of the 115 cu
boule. Support of the poule was by the large bearing on the hollow chuck and
a conical sotket on the other end of the furnace. Each boule requires a seed
attached to the 5 cm diameter material and the seed end is ground to act as a
Jewel-type bearing.

The multiple furnace arrvangement, shom in Figure 59, isxsuppor:ed within
a 4 meter 'diameter structure that is connected to a boule magazine that is
indexed in 3 degree increments for each product change-cut period. The magazine
1has circumferential storage of boules at radil corresponding to the furnace
iocations, Totdl capacity 18 designed to be 750 boules or 7,772 lbs of raw
material,

Shuttle Service and Product Yield ,

The operation of insertion/retraction of 15 boules may be accomplished in
4 hours time with 20 houcrs aliotted to proceseing time, This arrangement will
yleld tke following:

-
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" 1- pay 15 boules
60 Days 750 boules ’
1 Year i 4500 boules

° .
- Product Weight/Y¥ezr 21,150 kg/yr {46,636 1bs/yr)

For a single factory, a totzl of six serviie flights weuld be required,
however, if two factories were iz cperation these same six [). ghts could trans-
port the raw material and finished product in the Shuttle payload bay.

Economic operations would probabiy require about 30 fligh%s per year to service
a total of ten factories. This zeas-factory ccemplement would yjeld 211,500
kilograms of finishcd procuct per year.

GEOSYNC&RONOUS ORBIT FACILITIZS

At last count, =ore thas 70 fumctioning satellites are hovering above the
earth's equator at the geosynchizcous altitude. These satelli‘2s are devoted
almost entirely to high-data-rate .cczmunications, and their RF transmissions
have alreaay begun to suffer from mztual interference. Curtain favorable
longitudes, particularly those serviug Europe and North America, contain heavy
coacentrations of powerful transmitzers, Moreover, future projections indicate
that a population explosion of oew satellites is soon to occur in this import-
aat spatial region. As tae projections in Figure 60 indicate;-=oeh uder The -

most pessimdstic sef-of assuzp ,me-auﬁbq; of sa.t_ctﬁm o grosynd i
- o ekod chedto cak lwe“mkaw R WD GPC LRSI Dbsuail bone, &R

satéllite populaticn could increase oy a Pactor of six or more. ‘

The level of difficulty experieaced fron crosstalk between ddjacer
satellites is frequency dependenmt. At &4 to 6 GHz (the frequency band now in |
most common use), authorities recomend an orbital spacing of 4° to 5° to
insure acceptably low levels of-mutual interference. Thus, in accordance with
the projections at the botton of Figute 60, serious problems will begin to |
emerge at several diffzrent orbital locations in the early 1980's. Ar ’G to |
30 Gz the interference problex is considerably less severe; a 1° oxLital |
spacing is believed to be entirely tollerable. However, even with tnis rather
tight spacing, the 138G satellite population will begin to approach the limits
%n some regions, particularly toose due south of the European mainland.

The Geosynchronous Platform

2

A multifunction communication platform is one realistic technique that

could alleviate the problem of orbital crowding to some degree. By performing

several differeat services such an approach could sigﬂificantlyireduce the

total number of geosynchronous sztellites that would be requiced to carry out

any given list ot co=munication services. Moreover, a placform that handled |
conbined services would be more effficient and more economical for several |
Jifferent raasons:

1. The various subsystems o2 board the platform would profit from

the_sharing of thermal c¢ceacrol, stationkeeping, orientation, |
e¢lectrical power and groxmd support operations. |
|
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2. Myltifunction geosynchronous satellites would benefit from the
economies of scale. In particular, a larger spacecrait would
have a larger total weight, smaller unit weights, and lower
launch costs than would result if each furction utilized a

)
dedicated satellite.

3. Increased versatility can be achieved by multifunction design.
Specifically, the use of an integrated-satellite desiga permits
interconnecting or cross strapping of multiple missicas. It
also results in fewer costly relay links and much higher quality
signals than would othe:rwise Le attained,

Of courwe, coxmbined missions also give rise to a few bothersome difficulties
and these will be discussed in a later sectfon. However, despite these
difficulties, i1t 1s the opinion of the analysis team that the geosyncl.ronous
platform concept offers distinct advantages for the execution of a brocad class
of missions 1in an economical way, and taat it is an attractive technique for
the efficient utilization o the increasingly crowded orbital slots at the
geosynchronous altitude. N

Platform Descriptica

The geosynchronaus platform is sketched in Figure 61. Basicaily, it
consists of a sateilite antenna platform, a power distributlon and control
installation, a 2 degree-of-freedom turntable struclure, a solar cell array
and a docking ring for Shuttle servicing and on--rbit assembly.

The 500 kw array is constructed of nine beams of 178 meter length. These
beams have connnctlng structures every tJenty meta2rs. The solar cell blankets
and reflector sides are installeu in the tlree longitudinal gutters of the
structure. Gallium aluminum arsenide soiar cells are utilized with a concentra-
tion tatio of 2:1.- The assumed collector efficiency is 18 percent, with a
blanket thickness of 4 mils.

A 16 meter diameter turntable is assembled to one end of the solar array.
Tne interior ot the first bay of the solar array contains an installation of
electrical dc-to-ac inverter machinery. The ac power is distrihuted into an
antenna support platform through twc large pivot berrings. Distr;b?tion of
power is then controlled to each particular transmitter. |

Ancillary equipment includes radiators, RCS modules, water and-gas stordage
tanks, communications and momentum storage provided by the rotating electrical
corversion equipment. The zrosslinks that relay data between 'duplicate geo~
synchronous platforms utilize low Intensity laser beams.

The total length of tite platform is 239 meters and the operational weight
is approximated at 29,310 kg (64,629 1lbs).

The Services

The geosynchronous platform is designed to perform five separate nationwide
services, as described in the following subsections.

Y
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Broadcast Education

Ll SRS %)

Provisions for five simultaneous color video channels are included with
broadcasts taking place 16 hours per day. The primary purpose of che domestic 3
versgon of this system (see Figure §2) im to provide educational courses” for
groups that are too dispersed for servicing by existing techniques. For example, N
a fairly large fraction of the programming will be devoted to captioned and sign '
language broadcasts to help the 14 million deaf Americaus gain new connectiors
within our society and, in particular, our educational system. In-service
education for school teachers, specialized training semdnars for smuall business
men, job training for unemployed teenagers, and many other types of coursea of
instruction will also be provided. ~

As shown in Figure 63, each user will heve to purchase a meter rooftop
antenna and a small black-box adapter. When produced in mass producticn
quantities, the total cost of these items is expected to be about $100.

The same space hardware can also perform important services for the less
developed countries in the world. However, the program materials to be trans-
mitted will be completely different. In general, the purpose of the proprams
to be broadcast in these areas will ba to help the local residents develop
marketeble skills and to aid them in participating in the local economy. The
equipmeat envisioned for these uses will be self-contajined, rugged and extremely
simple. As the estimates ir Figure show, black and white receivers, complete
with antenna and adapter, are expected to be available for about $150 each.
Similarly equipped color receivers that retail for $500 should also be possible.

Pocket Telephones

The geosynchronous platform is designad to provide pocket telephone
services for 45,000 simultaneous users. If a five percent pesk usage rate is
assumed, this would mean that 500,000 communicators could be sold before the
system would begin to reach saturation. In addition to routirne and émergency
communications, the pockat telephones will also be used in a natiﬂ'al 1nforma-
tion systewn. The purpose of this system is to allow ordinary users to havc
ingtantaneous access to the useful information maintained within the Librnrv
of Congress, the stock market services and other large data systems.

Three-watt hand-held transmitters, equipped with 7 centimeter whip antennas,
will transmit to a 18 meter dish antenna which, in turn, will feed the trans- -
missions into a 6 meter disa for relay to a smaller dish antenna located on the
ground. This ground antenna wiil be linked to the conventional teleohone systen.
One advantage of this approach is that it interlinks the communicator with all
the telephones ia the existing system. Another is that it allows the complex
switching hardware to be located on the ground where maintenance and modifica-
tions can bz carried out with relative ease. v

Electronic Teleconfevencing ,
The electronic teleconferencing system will provide 150 simultaneous ' :
2-wvay teleconferences between any locations in.the North American continent.
Such a system will promote the efficient exchange of information while cutting
fuel consumption, raducing pollution, and saving time for America's busy executives.
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Figure 62.

Direct Broadcast Education — U.S.
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An experfmextal version of the proposed system, called Projec= Prelude,
was receatly se: up at three large Americen corporations (Rockwell International,
Texaco, anq Mcazgomery Ward), As Figuce 64 shows, the 200-watt CTS satellite
was usec ig these experiments to transmit color TV images (including 0.5 second
fteeze~£:ages). rapidfax and direct high-speed ccmputer data throughout the
course of this expcrimental series.

Electronfc Haii

Tre fourtt service of the geosynchronous platform is electronic mail.
The systea £s st up to handle 40 million pages of mail with overright delivery
from 8Q0 sorti=zg centers. Substantial improvements in service may eventually
result from fois technique. It also secms llkely that productivity gains will
result frou the fact that the mail can be sorted electronically and it will
rrive 22 tts cdsatination in a timely and reliable manner.

The Antexnas ;
#

The geoszmrironous platform uses a total of 30 antennas of various sizes
1n order to perizcrm all five of the required services. The sketches in Figure 65
show the relatise ponitious of these antennas with shading to indicate whether
they receive daia, transmit data or operate in a diplex mode. The largest
antennas whichr ar» devored to personal communications are 18.3 meters in
diameter; tme smallesnt which handle electronic teleconferencing have a diameter
of 1 reter.

The power feJuirements for the varfous services are also tabulated in
Figure €5. TIhe total power 1s 454.4 kw. In addition to the values in the
tabulaticus, a i} percent contingency 1s allowed, thus a total of 500 kilowatcs
is actualily provided.

The spot Beam patterns, transmission bandwidths, and the necessary power
levels for wie rarious services are shown schematlcally in Figures 66 through
€9, Also shown ra these diagrams are the sizes, types and numbers of antennas
and the tra=smiszzion paths.

Technical Coastéerations .
[]

A concepteal design of an early integrated geosynchronous platform fis .
shown im Fig:re al. 1in consultation with Scicnce Applications, Ilne. (SAI),
five natorwide La”ormation services were selected, and the system parameters
defined. Ihese zre:

1. Direc: 3roadcast Television - Multiple channels to be recelved
oo a nedified conventional TV receiver. The entire CUONUS area
is to te covered (excluding Alaska, Hawaii, and Puerto Rico).
Progreming would originate from a single ground installation,
but mzr be develcped by any agency.

2. Pock2: Telephones - Multiple voice charncls originating from
revzote, wireless extensions; to be connected to conventional
fixed terminals, or other remote terminals via satellite.
Saturacion capacity to be at least 45,000 simultaneous transpactions.
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CTS SATELLITE
© 200-W EIRP
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© All-digltal transmissi¢ns

PORTABLE GROUND EQUIPMENT
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© 12-14 GHz frequoncles precemnacnt
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© Freeza-frame capabilities
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Figure 64. Video and High Data Rate Communications Demonstration
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3. National Information Services -~ Direct access via sacellite
from home or business intelligent termingls to computer-supporied

y-data banks, such as the Library of Corgress. Capacity requirements
are not specified.

4. Teleconteroncing - “Two-way (or multiple) viceo links between
1solated ground sites. User locations would have studio-type
facilities, including multiple cameras and asonitors, switch
gear, and communications. Capacity rrquicement was not specified.

5. Electronic Mail =~ Facsimile transmission of personal and
business correspondence. Terminazls would be local Post Offices,
linked to a regional soréing centér by cables or similar ground -
links. Sorting centers are interconnected via satellite, the -
number to be at least 800. The loczl Post Office would provide ’
equipment to convert hard copy to electronic facsimile, and
vice versa. Goal is to delive. 40 million pages (8-1/2 x 1l1)
from source to destination over night.

The éongeptual design shown in Figure 70 (Jwg. 78255-001) was approached
from threc directions: to select apprupriate communications parameters (frequer-y
allocation, modulation bandwidth, antenna gain/directivity, total power required);
to selecty an appropriate spacecraft configuration (powzsr generation, pointing and
stabilizction, assembly methodology); to define the ground user terminals.

Two crucial consiraints were assumed:

1. The total prime power generated should not exceed 500 kW per
installation; this was felt to be the limit of large space
structures technology in 1987 — and it assumes that SIS
de?elopment requirements dictate the specific approach.

2. Prequencies must be in accordarce with those allocated by
international agreement for this type of service.

A further guideline was assumed: that the system should be designed and the
frequencies allocated so that the user terminal cost is inversely rroportiona®
to the number sold. Therefore, for servic.s iike personal communicitions, the
remote telephone should be gimple and inexpensive, placing the burden cf
performance on the satellite. Conversely, for elecironic mail the}e would be
relatively few terminals in the local Post Offices and, hence it can be =.ce
complex and expersive.

Following a sequence of rather complicated trade-off trials, the satellite
comnmurizcations requirements were defined as follows:

Y3pacecraft Power Budget Prime Pover
Broadcase TV (5 Channels) 270 kv
Personal Communications (45,000 Users) 127.6 W NAL PAGE o
- ORIG ¢ . |
Natlonal Information OF POOR QUALITH |
<
111 .
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Teleconferencing (150 Channeis)
Electroaic Mail

Spacecrart (assumcd)

Total Prime Power

Direct Broadcast Education

Uplink

Dovnlink

Ground Transmit Antenna
User Re%xeve Antenna
Satellite Receive Antcnna
Satellite Transm:t Antenna

Dc Power/Chaanel

22 Beams (Transponders) Times 5

Pocket Telephones

Uplink/Downlink
Uplink/Downlick

Ground Anteans, User

Do Power, User
Dc Poweri Sateilite to User
Number of Simultaneous Users

S/C Antenna, Tcansmit -

National Informaticn Service

Would use personal communications system except for

and a larger user antenna.

Teleconference
Uplink
Downlink

Capacity

Ground Site Antenrna (Uplink/Downlink)
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kw
kW

kv

GHz

GHz

Met

0.8 Met (2° Beamwidth)
4.7 Met - Need 1

6 Met - Need 1

4'0

54 kW Times 5 Channcls =
270 kW

160 Transpenders, 265 watces
RF, each

4.,07. .2 Gliz (to the Remotce User)

4.4/4L.6 GHz (to the Switching
Center)

nes (to/fror the
Satellite)

b |

cm .

3 watts (appréximately)

127.5 kW
45,000

18

Met - Need i (to the User)

6 Met - Need i {to the

Switching Center)

ground terminal

43 GHz

40 GHz

Up to 150 Palrs’
1.2/1.C Mex
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Satellite Antenna 1.0 Met - heed 3
C Power Approximately 55 w/Channel
Total for 80 Channels 34 kW
Eléct-onic Mail ’
Uplink . 30 GHz
Downlink ‘ 20 GHz
Satellite Antenna (Transmit) . 3.6 Met, 0,28° BW - Need 6
Satellite Antenna (Receive) 2.4 Met, 0.28° BW - Need 6
_ Ground Antenna (Receive) 3.6 Met
Ground Antenna (Transmit) 2.4 Met
Satelliie BF Pouer/Beam 14.5 watts
Number of Beams for Conus 300
Total DC Power 13 kW
Average Transmit Rate 1.0 mbps, for & hours per
day, 250 days
per year

Considering the defined comuunicaticas parameters, a vreliminary space
element concept was developed, The two major elemants are the power generation
system_and the platform system. These are described below.

I

Power ngération Subsystem * .

Tne bouer generstion subsystem consists of four assemblies:. (1) solar
power essembLgi (2) DC/AC conversion assembly, (3) distribution assevbly,
and (4) sun orientation asseubly.

The power generation subsystem will provide a minimum of 500 kW of usable
power to the spacecraft and payload systems as 115/230 vac, at 10.5 percent
voltage regulation. Frequency shall be approximately 4000 Hz. The power
allocations are:

Spacecraft 10 kW
Broadcast TV . 270 kW
Pocket Telephones - 127.4 kW
National Information Services -

Electronic Telconferencing 36 kW
Electronic Mail 13 kW
Margin 45 kw

Total 500 kW
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During cperation, power shall be allocated on a demand basis. The
expected demand is:

Spacecraft Continuous )
broadcast TV 16 hrs/day, 365 days/year
Pocket Telephones Continuous

National Information Services 8 hrs/day, working days only
Electronic Teleconferencing 8 hrs/day, working days only
Llectronic Mail 4 hrs/day, wo.king days only

Solar Power Assembly. The solar power assembly is derived from “he work
dene oy Rodkwell for the Solar Power Satellite (SPS), assuming the technology,
assembly methodology, and hardware derivatives developed for the SPS will be
available for use in the desired time frame. Thus, the solar power assembly
s a rectangular, triangle structure supporting three identical sslar blainct
gutters. It shall be assembled in a low altitude orbit by fabricating beam:
(using the 5PS Beam Forming HMachine) from Shuttle-supplied materials. On one
face of each triangular beam is installed a reflective trough in which are
1aid prefabricated solar Llanwxets. As each beam is constructed, crcssties
wiil be added. T

i

After primary structure assembly, interconnecting cabling, ccarse (shunt)
regulation elements, and thermal control elements are added. Three dc/ac
converters are installed at one end, as is the payload mocunting ring.

The total solar power assembly will be orienred with the solar blarlets
normal to the sun, 13 degrees. The vehicle is at geosynchronous altitude, in
the equator:ial plane, at longitude 96° W. The long axis of the solar power
assemblv is normal to the orbital plane; thus, it must nod ¥23-1/2 deprees in
the meridian plane (yearly cycle) to remain oriented towards the sun. It must
also rotate o?ce per day on the &gxis in the orbital plane.

The solar power array consists of two main structures:

1. Solar cell-beam structure
2, Turntable-power conversion structure

Space assembly {s initiated by construction c¢ the turntable. This structure
consists oi 12 segments of ground manufactured box beaims that are bolted
together in space to form a 12-sided ring structure of a maximum diameter of

16 meters. On this structure two tapered beams aré placed to locate the antenna
platform pivots. Supporting structure and the dc-to-ac conversion equipment

are mounted to the array side of the turntable, The electrical conversion
equlpment is then spun—up to give the entire structure inertial Jtability in
orbit for the dttachment of other main structural elements.

The second major assembly in orbit is the manufacture of single beams by
a bewn maciaine and the concurrent attachment of special shapad beams to finally
arrive at a large ctriangular cross section containing nine longitudinal beams.
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The so}gr array structure is aligned by tension w1res and attached as a
unit to the stub-beams of the previcusly assembled turntable. After this
operation, the Shuttle remote maneuvering system is employed to emplace and
fasten the solar cell/blanket rolls in the three gutters, as indicated.
Electrical distributdion wiiing, electrical control hardware and system
“connections are made prior to the final close-out operation of draping the
side reflectors on each of the three gutters.

Reacticn control modules and reactant tankage are then applied to the free
end and the turntable structure. RCS propellant atorage tanks remain to be
applied to the turntable prior to an on-orbit checkout. The antenna platform
description and assembly may be found in the Platform System section.

DC/AC Convertier Assembly. Each of the three identical panele will geaerate
up to 267 kW; since it is a long (500 plus feet) panel, care must be taken to
avoid excessiye internal losses (I R) by implementing a high-voltage, low
current design. Practice indicates that a nominal dc potential of about 2800 vdc
is feasible without excessive penalty of insulation or danger of coronal
discharge. Thus, the nominal current would be 60 amperes.

It is necessary to transfer most of thie power across a rotating joint to
the payload. It is also desirable that the power delivered to the point of use
(the payloads) be in the form of low-voltage ac. Due to the power level, it is
not presently justifiable to assume a solid-cstate inverter, therefore, a
mechanical rotating device was selected to perform the required electrical
functions/conversion function.

Such a mechanical converter, evan at 4000 Hz, represents a significant mass
of iron, and an even wore significant inertizl momentum. To avoid providing
compensating momentum, inhe three rotating inverters are mounted, one on the c¢nd
of each beam, nnd canted. Thus, the three mechanical inverters can also act as
mozensum wheels to control the sclar panel assembly orientation.

Unfortunately, when these massive devices double as momentum wheels, it is
not possible to have frequency and phase coherence in the output of the three
inverters. Thus, each panel/{inverter is considered as an independent, non-
gsynchronized alternator, aid the distribution assembly must be designed with
this in mind.

A trade-off 1s necessary to select the method of transfer of power across
the rotating joint. 1If slip rings are sslected, they must handle large currents.
An alternative is the Boeing-developed rotary transformer. Selection of che
transformer would provide an additional degree of design flexibility in that a
step~up or ster-down transformation could be used to optimize physical parameters
of the inverter to achieve orientation control without compromising the electrical
performance.

Distribution Assembly., The distribution assembly is in two parts. Part A
is integral with the solar power assembly and pcovides conditioned power to the
sun orientation assembly, and the clock-drive for the rotaticn of the paylecad
structure. Part B distributes power to the payload systems, and the payload
mounting assembly subsystems, such as orientation/pointing and thermal control. -
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The distribution assembly also has a small battery pack.to be used during
the solar occultation periods. Occultation occurs twice per year (at the
equinoxes), but only for a few minutes each day and only for s few days. The
battery is used to retain pointing control; it is not sized to maintain payload
operation during solar occultatiou. -

[

Sun Orientation Assembly. The purpose of the sun orientation assembly ie
to maintain the pointing direction of the solar power assembly. The_ torque
necessary to correct errors is provided by controlling, inaependentiy, the
wheel speed of chie three inverter momentum wheels. The sun sensors are solid-
state devices that are mounted along the long axis of the solav power assembly.
Several sensors in each of two directions would be used; a micro-computer
would aveiage thé outputs and set the inverter's wheel speed.

Voltage Regulation. Due to the variation in load current, and the varia-
tion in wihcel speed, several levels ol regulation dre required. It is proposed
that cach panel have both a ccarse shunt regulator across the blanket strings,
and 4 fine inverter current regulator, The blanket strings will not be
congistent in output, and may vary from the nominal 2800 vdc by as much as
150 percent. lhe shunt regulators (one per scring) would maintain the string

voltuge to about *1 percenc of nominal.

Varying the wheel speed tor reaction control will also cause the voltage’
(as well aw frequency) to vary., This can be compensated by adjusting the field
current,  This same method would be used to compensate for load variations.

Although voltage regulation is not classified as a unique assembly, it is
an 1mportant paraneter for the payload systems design. Having a well regulated
pover :uurgc, cach puyload element power conversion element can be optimized
for pgrformancc.

Platform Sy.tem

The platform structure is 2 flat disc, glmbailed to the mounting ring.
un the front side are mounted the several antennn elemeqtsl InternalI&. and
removavle through the rear, are the correspondinp electronic components. On
the periphery is a standard docking ring used for servicing and 1Z0 to GEO
mancuvering. OUn the rear side are radiating elements for thermal control.

Platform Structural Assembly. The antenna platform consists of a center
reclangular core structure that is 10 meters wide, 3 meteis daep and 4.2 5
meters in length. On the pivot end, a counterweight power distribut.on compart=-
ment is attached. On the other end, a Shuttle-type docking ring is ittached.
The sides of the core have stub rectangular beams attached to act as tira mounts
for the various antenna packages. OUn the reverse side from the aitenna mounts,
a truss structure is assembled to stand-off from the core by 6 meters (increas-
ing the structural stiffness) to mount radlator panels for heat rejection. The
center radiator panel has a powered longitudinal hinge in order to insure proper
heat rejection under all conditions of sun attitude.

The core structure is f{abricated from rectangular Leams, diagonal braciag
and skin panels, where needed. These beams may be packaged within the payload
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bay of the Shuttle or be manufactured in space by a beam machine and perforated
coils of strip aluminum. Joint and fitting attachments are designed for Shuttle

Remote Manipulator System assembly,

The main interface with the previously assembled’ turntable is at thé pivot
location be:ween the counterveight compartment and the main core structure,
This pivot will be eventually outfitted with electrical power and cortrol cables
fed thru the center of the two pivot bearings.

Orientation Control Azsembly, The vector normal to the front side must be
oriented in the meridian (96° west) plaue, and the 40° north parallel (latitude)
within +0.01 degree (136 arc-seconds); the 12 o clcck axis must also be in the
meridian plane to about the same precision. The antennas, which are risidsy
mounted, have a -3 db beamsidth of 0.28 degree; therefore, the platfcmm should
be held within 0.03 degree, mits error, te avoid signal degradation.

:

The different pointing orientations of the solar panel assembly and the
platform assembly dictatec a separate orientétion contrvol mechanism for each.
The solar power assembly orientation system was described in the Power CGenera-~
tion Subsystem section; the platform agssembly must be more precise and requires
a ground reference better than horizon sensors,

The suggested approach would establish a pilot beam transmitter at the
central ground locat:on, and a crossed-baseline interferometer on the platform.
A carrier frequency of 1.0 Ghz to 10 Gdz would be suggested to minimize atmos-
pheric refraction, and atmospheii. absorption effects. An electromagnet wave
with a GHz frequency has a half-wavelength ~f 15 cm, -~hich represents the
zero-order spacang of the antenna elements. Zero-order spacing would provide
direction cosine resolution to about 1.0 degree; to achieve the desired 0.01
degree requires another set of elemunts (on the same baseline) spaced at about
100 wavelengths (30 meters), which is twice the diameter of the platform. A
trade~off is required _o establish the optimum parameters.

The interfcrometer establishes the normal vector orientatioa; arother
reference is needed to orient the 12 o'clock vector to the meridian plane. &
star-tracker is suggested for this ourpose. The reference star should be near
the meridian, and near the celesti.] pole; Canopus, in the southern hemisphere
has been used by previous space venicles. {

The needed torque would be provided by three control moment gyro's.
Coarse movement for acquisition, and momentum-dumping would be provided by
peripheral reaction jets.

The characteristics of the user ground terminals are summarized in Table 2.

The 100 Rilowatt Geosynchronous Platform

The baseline 500 kilowatr geosynchronous platform provides an impressive
array of services for Lne people in the United States and the rest of the world,
but it is also power-hungry and, relatively bulky. An alternate approach would
entall the use of a smaller leas powerfvl platform which might eventually be

widely duplicated several dozen times. The sketch in Figure 71 shows a 100

.
4
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Table 2 Preliminary Design Selection Parameters for Geosynchronous Platform,
SERVICE DOWN-LINK UP-L-INK USER TERM GND TERM
BROADCAST EDUCATION 20 GHz -] 30-GHz Conv. TV with Conv. TV, Live and
i WBFM, 13 Beams WBFM, | Beam Converter and Tape
I Channel 1 Channel Antenna
°
PNCKET TELEPHONES 20 GHz 20 GHz Hand-i{eld Unit,
Dig Voice/Data Batcery Powered
FM, Mult. Access
30 GHz 30 GHz Conv. Telephone

WB Multiplex
Mult. Beams

WB Muitiplex
1-Beam

Exchange

<

INFORMATION SERVICE

Pocket Telephones
Link and/or
Standard Phones

intelligent
Terminals to
Central

Computerized Data
Bank

TELECONFERENCE

~Conv. TV, Live

Use BC Education Add Hultiple Conv. TV with
Beams/Channels Converter
ELECTRONIC MALL 20 GHz 30 GHz Photocomposi tor Magnetic Tape or
50 Mbps 50 ‘Mbps at Local Post Optical Readers

Office Over
Optic Cables;
Distribution
by Local
Postman

at Regior. Center

for Distribution

or Relay to Other
Centers.
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DESIGN FEATURES:
o B8IM X 20M
o 130 KW
o STRUTS AND JOINTS TYPE CONST
012,000 KG

11

‘-
R e

&

BENEFITS:-
o 1 CHANNEL DIRECT BROADCAST TV
e 15,000 SIMULATANECUS POCKET
TELEPHONE USERS
o ELECTRONIC MAIL TIME SHARED
WitH TV
o TELECONFERENCING

PN

Figure 71. 100 kW Geosynchronous Platform
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kilowatt platform with capabilities that are structured along these lines. For
example, rsther than providing five channels of T.V., it provides only one and
rather than handling 45,000 simultaneous pocket telephone conversaticns, it
nandles l;,OOO. In addition, it time-shares power by restricting the electronic
mail sérvices only to off-peak hours.

The result is a platform (shown in Figure 72, Dwg. 78255-003) that is
smaller, less complex, and considerably lighter than the 500 kW version. How-
ever, 1n view of the restricted services, it 16 not as light as might be hoped.
Although it provides only one-third to one fifth the services of the 500 kW
platform, 1t weighs almost half as much. Moreover, it puts more stringent demands
on some of the ground equipment which would raise its price. Thus, as would be
expected, the smaller version {s a viable possibility despite the fact that it
loses som? of the economies of scale.

Placforg_ﬁEblgn Philosophy

The advantageous properties of multifunction, geosynchronous platforms
have been adequately documented in the previous sections of this report.
Unfortunately, such a platform also involves certain intrinsic disadvantages.
These 1rclude more complex institutional and political arrangements and
difficultics with matual 1llumination of the various types of antennas. In
addition, the iutegrated design suffers from the fact that the most stringent
mlssion requirements (e.g., spatial location, stationkeeping and inclination
contrel) must bc impused on all tine missicn elements.

Another crucial problem centers around the difficulties of insuring
centers around the overall reliability of these complex and vital services.
Some observers cipress councern that a failuve in the hardware devoted to one
of the major services could cause permanent failure in the overall system,

- The disruption that would tien result could be intolerable to a complicated
industrsal society. Althougl communication satellites have evolved with
extremely hipgh reliability levels, this is a valid worry. One way to minimize
1ts likelihood and 2ts r1mpact is to utilize a series of scaled-down satellites
each of which performs either a dedicated service or a relatively small number
of separate services. The result should be an overall system that would then
experience not total failures, but only graceful degredations. However, as
has been shown, this solution would substantially increase the total weight
and cost of the overall system. .

Another cruc.al tradeoff is intimately interlinked with system reliabllaty
It involves the possibilities for using rerote teleoperators versus manned
maintenance reparr and modification services. Teleoperators would most likely
he far cheaper than menned systems, however, there are questions as to whether
they can perform the necessary functions in an efficient and reliable way.
Manned sy-tems are more desirable in many respects, but far more costly and
they cunnut be made available in the :awe edrly time firame.

Services are obviously a4 pacing item in che future of 8puce indust.rializa-

tren, and multsyiunction communication platforms seem to have,many advantageous
pPropert ey, However, they also give rise to cectain wiexpected difficulties.
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Withia the context of this broad space industrialization study it was not
possible to consider even the issues identified above in a sufficiently
detailed way. However, these issues and most 1likely others are crucially
important and it is our recommendation that they be addressed in detail in
subsequent studies. °

HIGH INCLINATION ORBIT FACILITIES

The satellites located in high inclinaticm orbits are irminently suited
to repetative, close-range observatica of the earth over a period of a week or
two. Satellites of this type include advanced versions of the Landsats and
Seasgts, as well as some elemerts of the globai weather ana resource base.

One advanced observation satellite, the Laadsat D, is sketched in Figure 73.
As can be seen from the descriptive material in the figure, this space vehicle
weighs 145 kilograms and carries 84 separate detectors. The spatial resolu-
tions and the interfaces between the landsat D and other space vehicles are
also sketched in the figure. Sigrificant improvements in its sensor capabilities
can be provided by the more advanced earth observation satelliceﬂ which are
discussed in the next few major subsections.

Repetitive Earth Observations ’

During the course of the Srace Industrialization study, eight observation
objectives were identified. These can be diviZed into two pon-overlapping
groups — repetitive, indicating an update scamn of weekly or seasonal rates,
and a one- sho‘ mapping that may not scan more than once per decade. The latter
&re obviously candidates for short-life, recovsrable, dedicated satellites, not
necessarily integrated into one vehicle. The Iormer are more om the order of
semi-permanent, multipurpose, perhaps, replicated or in multiple oroits.

These missions with repetative objectives can be listed as follows:
1. Crop measurement (glcokal)
2. Ocean resources/dynamfcs
3. Water resources (land) and run-off forecasts
4. Global effects monitoring

These ocbjectives can be fulfilled to a degree dy the sensor technology wi-ich is
being developed for Landsat. In general, this technology includes methods for
making observations in the electromagnetic spectrum fron raiio (millimeter) to
U.V., divided into suitable wavelength bands.

One-Shot Earth Observations

The one-shot (or infrequent) eartb abservations can be listed as follows:
1. Oil-mineral location
2. Topographic mapping
3. High-resélution resource mapping

4, High-resolution radar mapping
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In general, these cbjectives can be fulfilled by photographic sensors
(passive) and”radar (active) sensors. Their intended result is an image that
is directly related to the terrain and precision surveying. Operationally,
these sensors cculd be injected . to & lcw altitude orbit where they can collect
data for ona complete global gurvey, then be recovered to process the data.

Tables 3 and 4 identify typical sensors applicable to each objective,
and their pertinent characteristics, in so far as they are definable. Since
the microwave radiometer an:enna is so large in comparison with the other
sensors, it seems desirable that this sensor should be placed on a separate
plazform. This is the approach that was alternately taken in the Space Indus~
trialization study efforts.

Earth Observation Platform

The earth observation platform (see Figure74 ) is configured as a versatile
sensor platform that is Shuttle-~launched and capable of gathering thematic and
multispectrzi data similar to that obtained from Landsat D. The increased -
spectral capability 1s obtained from thres thematic mapping installations, two
multispectral camera positions and two return-beam vidicon equipment lccations.

The platform shown in detail in Figure 75 (Dwg. 78255-006) utilizes space-
proven equipment from the Landsat series of satellites. Improved subsystems in
the area of data handling, recording, solsr array power generation and attitude
control all coantribute to a significant increase in the mean-time-betw: :n-servicing
and multi-freqiency information retrieval.

The structural hardback of a triangular shape has been retainéd (similar
to previous satellites), however, the length anl suppcrt provisions for the
TDRS antenna, as well -as the solar array has been changed from Landsat D
configuration. Provisions for various propulsion modules and Shuttle-mounted
rodule exchange hardware has been retained.

Total overall weight is estimated as 4000 kg — about 30 times the weight
of the Landsat D. Additional weight (chargeable to payload) of the Shuttle
support cradle, sensor services during 'aunch, wire harness installation in the
payload bay may be expected to be well within the Shuttle launch and retrieval
capability. -

The thematic mapper informaticn growth will be increased to 252 detectors
and 21 bands. The multispectral scanner information will increase by a factor
of two over Landsat D information. Major performance improgements and utiliza-
ticn of selected frequencies may be expected over the life of this sarellite

platform.

1
The Shuttle launch configuration of the earth observation platform is
sketched in Figure 76. As can be seen, the space vehicle fits snugly into the
Sauttle cargo oay.
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Taole 3. Sensor T/pes for Various Missions .
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Table 4, _farth Observation Sensor Characteristics

WEIGHT
KG POWER DATA .
SENSOR CHARACTERISTIC (s1ze) Kd RESOLUTION] -SWATH FORM QUANTITY | $1.0M
RADAR, (SAR) Active Mapping 1170 2.4 15 - M 90 KM Film | per min 20
(3.6 M3) 9.5"
HI RES IR SCANNER IR Fmissions 155 0.25 10 N 40 KM Film I per sec 3.1
(4.0 M3) 5"
& 1.D. CAMERA Mapping 56 0.09 0.3 M} 80O KN | Fiim 1 per 8.0
e (0.3 M3) 18 sec
(Stereo)
MULTI SPECTRAL ‘€E.M. Emission 155 0.16 1.0 M | 400 KM Film 4.0
. CAMERA Survey (1.3 ¥3) 70 -HM
MULT! FREQUENCY Temperature 8 x 105 ? 200 M § 800 KM | Digital | About 103} 170 Y
MW RADIMETER Measurements | 50 M Dia - bits/sec &-*
25 M Len @
\ L3 ;
e } ! § §-~
*Absttacted fru Solar Terrestrial Observatory Rcquirgments, by P. Fagan, Rockwell International, 2 g_
~ © Space Division (June 6, 1977). ‘ g =
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One-Time Observation Satellite -t

The one-time cbservation objectives can be satisfied by a Shuttle-launched
high-resolution radar supplemented by an optical identification or metric
camera. As 1n the repetitive objectives, the radar completely dominates the
vehicle design, in the size of the antenna and the power required. In addition,
there are signiiicant duta processing and data storage problems to solve.

At this tioe, no realastic preliminary design data has heen uncovered other
than that of a prototype suggested by Ivan Becky's Aerqspace report. For this
reason, d Lasic engineering wmission and radar data analysis was conducted on
the followang speciitcations:

ngh—Reaulutxon Si1de Looking Radar

Orbre, pelar 925 km (103 min. period) 99.15° incl.
Swath widLh 370 km
Resolution 15 meters
Array 3 meters by 15 meters
’ Prime Power 12 kW

Lngxneerxhg Analysis

A guick analysis of the peometry indicates that for a 925 km altatude,
the distance (range) to the hurizon is about 3300 kr, and the dounward look
angle to the horicon 1s 63 degrees.

I% such a vehicle utilizes a repetitive pulse rate of 900, there will be
neles in the plot representing tle tiansmitting time. These holec would have
theyd intensity (1n reception) reluced by the inverse of the duty cycle, thus
the drty cycle should be quite small, at least 1:100.

e lack of design data in this description dictates the following
assumptions. We can assume that the 10 x 50 dimensions represent the antenna
array, and that this 1s oriented with the 15 meter length in the direction of
the velocity vector. We can also assume that the carrier frequency would be
chosen 1n or near L-band, e.g., 1.2 Gilz. This would help minimize the atmos- f
pheric refraction and absorption. _

At a 925 km altitude (103 minute period), the subsatellite track speed is
about 7000 metur per second; to obtain 15 meter resolutics, the pulse rate
should be about 900 pps, and as short as possible. The travel time (2-way)
from the radar to the nearest ground point 1s about .006 second, so the mini-
mum integration time (interval between pulses) is somewhat greater. The reason
is chat the pulse must be directed in the forward direction (so called squint);
in fact, side looking radar systems work best when the look-angle is almost at
grazing incidence to the horizen. . - .

Of course, the .g ¢ 2l angle should be determined by how long the pulse 3

requires to return lrom the horizon, and the amount the subsatellire point
advances 1n this time. The two-way time for horizon range 1s about 22 x 10’.3
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seconds. In this time, the subsatellite point will advance by about 150 meters.
Compared to 1900 miles, this is insignificant, so it can be neglected in all
subsequent calculatinns.

-

Since the two-way travel time is 22 milliseconds and the pulse period is
1.1 milliscconds, some 22 pulses will be transmitted before the first pulse

returned. In this time, the spacecraft will advance about 185 meters in 1its
orbit.

The antenna length of 15 meters is effectively multiplied by the number
of reflected pulses it can receive. Each ground point acts as a reflector,
varying from diffuse to specular; specular reflectiens are 1ntense, but only
over a limited angle; diffuse reflections.are less intense, but are reflecting -
in all directions, corresponding to a cosine law distribution, and sc are about
equally effective as a specular surface. The limit of v1sibility 18 set more
by the antenna directivity than the reflector's surface characteristic. For

an L-band antenna, 15 meters long, the gain should be about 60 (14 db) and the
beamwidth about 6 de,rees.

To put it differentlv, the receiving antennd is (for a 3300 km range)
equivalent to 35 kilometers in width. For shorter ranges, the equivalent
length is proportionally less. While this is not a real desigr, it points out
the most interesting factor of a side looking radar system — that the limiting
range is not by the common inverse fourth-power law, but more nearly an inverse
square law, because at greater ranges more pulses are received.

It is interestiné also that the angular resolution of a side looking radar
does not degrade with'increased range. With the proper image processing
algorithm, the final result is equally sharp over the entire frame.

It the satellite is placed in an orbit at 925 wm altitude, it will cross
the equator (assuming polar orbit) every.-25.75° in lecagitude, which is about 3700 km
along the equator. Thus, the projei:~d swath width (3300 km) and the successive '
nodal crossings (3700 km apart) are compatible so that in one 12-hour mission !
the radar would @ap the entire globe one time. -

Concluding Remarks

[P

Based on the previous engineering treatise, it is suggested that this
one time mission be performed by a descrete Shuttle payload mission. The’ '
antenna assembly could be installed in the Shuttle payload tay, orbit at a !
lower altitude for five to seven days, and ancomplish the same objective. !

To accomplish this one~time data gathering mission, the Shuttle would !
have to be reconfigured for additional electrical eneryy — about 1500 kW
hours (12 kW x 24 hrs x 5 days). Two mission power kits of 840 kW hrs each
would be adequate for this» requirement. The 12 KW estimate included the
spacecraft services of communications, processing and stabilization.

. e e e

Censldering the abave engineering analysis and a proposed use of the
Shuttle, no sateliite has been designed to accomplish these one time objectives.
It should be mentioned that only one Shuttle mission is required and that all
data may be recorded and film is available for immediate return for processing °
and analysis.

— A e D el
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Large Radiometer

A sketch of the large microwave radiometer is presented in Figure 77.
Althougn ¥t 1s much smaller than the hardware associated with some of the
energy options, it ropresents the largest sensor structure that has been en- !
visioned an this Space Indu:trialization study. The radiometer is a linear
phased array with _a cylindrical parabolic retlector that has an aperature of
- 209 meters by 262 meters. The linear array serves as a line source feed along
the focal line of the linear parabolic reflector. The array forms the beams
in the transverse plane sver a l15 degree scan angle.

- As shown on the drawvang (Figure 78), the radiometer contrains essential
elements of structure, mechanisrs for figure control, electrical power genera-
tion by two 25-kW power modules, stabilizing momentum wheels and altitude
concrOL equipment, as well as a comploment of earth observation senscr cameras
The sensors and housekeeping functions of the configuration are rerviced by t‘e
docking of 2 Shuttie orbiter to the center docking port. The overall w.c.:ght
has been estimated at 256,284 kg (565,000 1b).

Construction would be from Shuctle-suppliea materials and by operation of
a compliment of beam-form.ng machines on orbit. The reflector surface as well
as the shield panels dre designed to be delivered in a rolled-carpet configura
tion out of the Shuttle jayload bay. Aall other equipment to be emplaced 1s
also compatible with Shuttle launch capabilacy.

Thermal signature data fron the carth surface may be collected in the
discrete (reququlek of 1.4 GHz, 4.99 GHz, 10.7 <Cilz, 18 Gz, 22 GHz and 35 Gtiz,
This ~emperature data is corsidered to be of valse in determinacion of soil
moisture, water and ice bounduaries, gea and sciface temperatures, ocean curcent .
mappiang and nixing fhenomena of the atmosphere.

Duta Delivery to the Ground User .

With the advent of increasaingly larger observation piacforms equipped with
large numbers of sensors, the problem of transmitting Lhe evtra data to the
ground users on the available bandwidths of the RF svectrum becomes increz<ingly
difficult. There are three seemingly viable approacnes to solving or clfcum-
ventiag this problem that received brief attention dursng the course of tne
Space Industrialization study efforts:

1. Put a service astrondut on boarl the plutform together with
extensive computer | ardware and software to compress the
amount of data that 1s to be ‘ransmitzed tc the ground-lased
USers.

- 2. Pdt astronauts Janywhere 1a space together with extensive
computer facslities and pump the data to him using geo-
synchronous relay satellites equipped with high-data-rate
lasers. After suitable compression, data summaries would
be cransmitted to the ground.

-
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3. Pdgp the data to a desert statlon via geosynchronous relay
satellites with lasers. For rainy days ir the desert, a
tetherad balloon would be sent above the cloud layers and
the data w8uld be pumped to the ground through fiber optics
bundles running the lengrh of the tether.

These options were briefly explored but not enough attention was Jevoted to
them to resolve which (if any) is a viable optio=s.

SPS DEVELOPMENT ACLIVITIES

Lxcept for the Soletta, the SP'S is the most ambiticus of all the initiati.e
that have been advocated as a part of the spasc iriustrialization efforts. Since

the 5P5 plays such a prvotal role, 1t i» discussed in detail in the following
subscctlons.  The material that is presented was extracted from a preliminary
draft of the 5P5 Exccutive Sumnary, which 1s being published by the Rockwell
International analvsis team as part of the SPS study zontract.

SI'S Design .

The photovoltailc coneept for the $PS 1s sketched in Figure 79. Thas
particular version was at the geosynchronous altitudes. It utilizes a
tiree-trough conlipuration and delivers 5 GW to the utility interface on the
prouad. Lt has g single centrally located microwave antennd.

baAlAJ solar CLllb are used te produce the power using concentrators that give
1l LOnLunerLJJn rati1o. A wore detailed description of the system and
sub>Vster> 15 given in lable 5.

}ibure 80 shows the end-to-end efficieacy chain for the recommended base-
line conuepL which has been sized to provide 5 GW ot electric power to the
utalsty Lusbar. With an overall efficiency of 6.08 percent, it is necessary
to wize the solar arrays to iutercept 82.2 GW of solar energy. The quoted
cfficiency 1s the minimum efficiency, including the worst-czse seasonal varia-
tion (91 percent), the end-of-life (30-year) concentrator reflectivity (86
percent), and the end-of-life (30-year) solar cell efficieacy (15. 2 percent).

A summaiv of the satellite mass properties 1s presented in Table 6. The
two major segments, the collector array and the antenna section, are nearly
cqual 1n mass. |, The major contributor to the collector array mans is the power
source. which includes the solar blanket and the reflectors. The solar blanket
15 the predeminant massS. Antenna section mass properties are driven by the
microwave jower segment which i1acludes the RF radiators and the klystrons.
Total structure and mechaniwm miss 1s approximately 20 percent of the satellite
dry weight. Total satellite weighe, including a 30-percent growth factor, is
36.5-m1llion kilograms. Propellant resupply for artitude contreol and station-
keeprng 1s a very small annual mass compaigd to the satellite mass.
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1753, 711
VERALL

.3 o

Figure 79. Photovoltaic Point Design Concept

Table 5. Photovoltaic Point Design Characteristics

QVERALL AESCRIPTIOH
§-GW POWER TO UTILITY INTERFACE
GEOSYNCHAONOUS CONSTRUCTION LOCATION
SINGLE MICROWAVE ANTENNA
GEOSYNCHRONOUS EQUATORIAL OPERATIONAL ORI!T

SUBSYSTEMS -
! power conversion

® GaAlAs SOLAR CELLS
® CONCENTRATION RATIO = 2

ATTITUDE COATROL/STATIONKEEPING

- s * Y-pOP, X-10P
® ARSON 10K THRUSTERS

POWER DISTRIBUFION

® 45.5 kv OC
® STRUCTURE/MIRING NOT (NTEGRATED -

RICRMAYVE ANTENNA

® GAUSSIAN BEAM ® RCR WAVEGUIDE PANELS

® 2.45-GHz FREQUENCY * TENSION-WEB, COMPRESSION

® ELECTRIC PHASE CONTROL FRAME STRUCTURE
STRUCTURE

® ALuninud (GRAPHITE/THERMAL PLASTIC ALTERNATE AS NEEDED)
® BEAM MACHINE CONSTRUCTION

INFORMATION HARAGEMENT A
® DISTRIBUTED
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]
SEASONAL Pty SOLAR POWER
VARIATION | Lo ARRaY  |__jousTRiBUTION] _
s 8 TN e "
!
-—— e
7 08GW 5 90 GW
q
MICROWAVSE PROPAGATION GROUND URILITY
ANNA L] EFRICHNGY | o] RECTENNA BUSBAR
- S GW
’Is 8.3 Y- |
i
[Tovirmu ciriciency - 6 o8s | ‘
Phocovoltaic Point Design Fnd-Of-Life Efficliency Chain
|
Fable 6. Photoveltaic Point design
Mass Statement
) WEIGHT -
SUBSYSTEM {MILLION RG)
COLLECTOR ARRAY )
STRUCTURES AND MECHANISHS 3 777
PIWER SOURCE 8 83¢c
POWER DISTRIBUTION & COMTROL I 166
ATTITUDE CONTROL 0 095
YNFORMATION MANAGEMENT & CONTROL 0 049
TOTAL ARRAY (DRY) (13 v
ANTE'INA SECTION
STRUCTURE AND MECHANISHS 1 685 ,
THERMAL CONTROL 1 408 !
MICROWAVE POWER 7 012 , .
POVER DISTRIJUTION ¢ CONTROL 3438 \
INFORMAT ION MANAGEMENT & CONTROL 0 630 |
TOTAL ANTENNA SECTIOK {DRY) (16.167) !
TOTAL SPS DRY WEIGHT 28 c8b f
GROWTH (30%) 8 28§ - i
TATAL SPS DRY WEIGHT WITH GROWJTH 36 509 1
PROPELLANT PER YEAR 0 040
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Energy Con7zexsfon ,
~ Pigure &L shows the configuration of the SPS point design solar array
wing structure. The concept is a three-trough, two-tier system. The structure
is made up of cri-beam girders whotce longitudinal members and transverse struts
are fabricztef cm orbit by a beam machkine. Shear stabilization of the- tri-beam

girders aaZ c*e wing itself is achieved by the use of X-tension cables. Cur-
rent structure material is structural aluminum. Excessive stresses and/of
deflactions cxuld drive the material selection to the regime of cumposites.

The diceasiors imdicated have been verified to be adequate when the vehacle is
subjected to z worst-case forces and torques environment in geosynchronous

orbit in that they result in an acceptable margin of safety for a basic material
thickness of ©.234 mm (0.010 in.), which is considered minimum gauge.

N ' TRIBEAM GIPDER SECTIOH

Figure 81. Photovoltaic Wing Structure

Figur. 22 shmows the solar array blanket description and arrzy character-
{stics. The polmz <:isign utilizes a GaAlAs solar cell efficiency of 20-percent
AMO, 28°C, ar® che sizing of the array is based on 125°C operating temperature
(17.6Z cell effimrzency). The total output of the array is 9.92 GW with a
voltage output <f £5.5 kW for each array panel. The solar blanket weight 1s
7.65%10°% ¥z, == zze total array weipht (including the concentratoc) 1s
8.83%x10° kg. [ats weight is based on a specific weight for the blanket of
0.25 kgf=~ aad RIr.2x10 m? cell area. A cross-section ot the solar cell is
also shown ‘7fzzr=382). The 20-um synthetic sapphire (Al:0,) substrate, used

“in an_ioverse ortemtation, also acts as the cell cover. The reflectors are
—= vomposed -0 t3. 5w m 2lw-1n12ed kapton.

- ORIGINAL PAGE IS
- : OF POOR QUALITY;
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SOLAR ARPAY CHARACTERISTICS
:
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- Figure 82. Photovoltatc Energy Conversion System

Power Distributiion -

A llow atagram of the overall power distr:bution subsystem is presented
n Tigure 83. Power obtuined at the subarray is transferred to a summing bus
throuzh g switeh gear (50) md manualls operated circult-breaker. Power 1is
then transtferroed from the nonrotating member to the rotating member of tne
rotarv joint tvroush slip rings and brusnes. On the rotating member, pouer 1s
conduc ted throu,h switch gears to de/de converters which output the six primarv
voltages requirdd bv the hlvstrons. Fach voltaze is conducted to a summing bus

through a switch gear.  Subscquently, cach voltage is conducteg from the summing
buses to the 135,804 Klvstrons.

©TOTAL MASS - § 10X 108 kG
© EFFICIENCY (SUBARRAY

1O KLYSTION) - 8954
* PAIMARY VCLTAGES -

40KV 32KV 4RV 22KV
1o KV BxV

KLYSTRCNS
~ MANUALL . -OPERATFO (133 Bs4)
) BREAKER S
SOL1D-
o < STare .
cucut
0€/0C
SUBARRAY 3G 2 corviare SREAKLE
i a'.-:M""G/ *33 CONDUCTORS
M . *o PRITAARY * 6 VOLTAGES tACH
«38 CrCUITS SUMMING T ITSIUBHAIIAY - acEs SUMMING
113 N3
$218 208 AMSS - ‘
- -

Figure 83. Photovoltaic Power Distribution Subsystem
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Attitude Control- and Stationkeeping

vTrade studies indicated the desirability of a simple ACSS employing high-
performance electric thrusters, and use of the Y-POP, X-IOP orientation and
inertia balameing to minimize attitude controul propellants, Figure 84 shows
such a system@Gemploying eight RCS 4uads, two on edach corner of the spacecraft.
The total RCS propellant requirem:nts (see table) are low, due primarily to the
high specifi: impulse (13,000 s) which 1s believed to be feasible with the
argon ion bombardment. thrusters.

PROPELL «NT REQUIRED
C*“€R 30 YRS*

FUNCTION

(% OF §/C MASS)

A!TITUDE CONIROL -

© GRAVITY GRADIENT TORQUES

0 58% -
STATIONKEEPING -
o EARTH TRIAXIALITY (E-W) 0 05%
© SOLAR/LUNAR PERT (M -5) V25
* SOLAP PRESSURE (E-W)*® 8 12%
oMW PADIATIOMN PRESSURE (E-w) —
#STATION CHANGE MANEUVIRS (E-W) 0 03%
TOTAL 9.92%
LI0TAl

*l,, = 13,000 SEC
** NEGUGIBLE IF £ 3.1 LONGITUDE PERTURBATIONS ARE ACCEPTABLE

Figure 84. Photovoltaic Attitude Control and Stationkeeping Subsystem

The dominant stationkeeping propellant requirement is the complete cor-
rection of the solar pressure perturbation. This requirement can be eliminated
1f a #3.l-degree longitude stationkeeping accuracy :s acceptable. The present
staticnkeeping accuracy goal 1is 0.5 degree. An effort 1s currently underway to
define a solar pressure correction policy which meets the 0.5-degree accuracy
requirement, but will reduce the propellant requirement.

The ACSS attitude reference determination system features charge-coupled
device (CCD) star and sun sensors as well as electrostatic or laser gyros and
dedicared microprocessors. Five attitide reference de:erminacion units are
at various locations on the spacecraft to sense chermal and dynamic body bend-
ing and to desensitize the system to these disturbances. The control algor-
1thms will feature statistical estimators for determining principal axis
orientation, ucdy-bend{ng state observers or estimators, and a quasi-linear
RCS thrust command policy to provide precise control and minimize structural
bending excitation. The ACSS hardware mass is very small relative to the
30-year propellant requirement.
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Satellite Antenna

The basic satellite antenna configuration is shown in Figure 85. Three
main components comprise the structure—a tension web made from composite wires
or tapes, a catenary cable that transfers the web teusion to the vertices of
the third component which is a hexagonal compression frame. Original analyses
of this structure assumed arff allowaole midspan web deflection of only 0.75 cm,
As a result, the structure weignt was comparabie with other concepts such as
the rigid matrix system. Recent work in the microwave subsystem area indicates
that midspan deflections of approximately one meter are acceptable with the
resulting misalignment being compensated by electronic beam steering.

MECHANICAL
MOD
A ULE

(\/
POWER MOOULE

-
v}

(10 TYPES)

© ALUMINUM CO! PRESSION FRAME
» COIPOSITE TENSION WED
& ® 21 KW/M2 RADIATION AT CENTER
* 50 KW PER FLYSTRON (135,000 KLYSTRONS)

ORIGINAL PAGE T
Figure 85. Satellite Antenna OoF POOR QUA

The smallest antenna building block is the power module, which varies in
size from the cne illustrated (which 1s used at the center portjon cf the
antenna) to 3.40 by 5.82 meters at the peripheryof the antenna. Ten different
power module sizes are used to comprise the antenna. Each power module has a
klystron located 1in its center. The power modules are arrarged into subarrays
measuring 10.2 by 11.64 meters. Each subarray has its own phase control elec-
tronics. Nine subarrays are connected to furm a mechanical module 30.82 by
34.92 meters. The mechanical modules are attached to the tension webs.

Rectenna Concept
AY
Each rectenna is designed to accept power from a single satellite and pro-
vide 5 GW of power to the utility interface. As shown in Figure 86, a typical
rectenna site located at 34°N latitude covers an elliptical area 13 m in the -
north=-gouth direction by 10 km in the east-west direction. This area contains

814 rows of rectenna panels tilted 40 degrees from the horizontal, providing
an active intercept area of 78.5% km?.
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Figure 386. Rectenna Site

SPS Construction .

The entire satellite is cohstruc;ed in geosynchronous orbit. Construction
equipment and materials are transported from LLO to GEO on a solar-electric
propulsion vehicle previously described. Men are transported between LEO and
GEO on a two-staée LH2/L0; rocket~propelled vehicle.

The sequence and schedule for satellite construction are shown in Figure 87.
A single integraced construction facaility builde the structure and installs the
solar blankets, reflectors, power distribution system, and other subsystem ele-
ments located in the wings. Construction starts with one wing tip and progresses
toward the center section where the rotating joint for the mictowave antenna will

hbe located. Construction then continues outbound, building wing fAumber 2, and
terminating at that wing tip.

The first eight days are designated for preparation of the cénstructlon
facility. Prior to the eighth day, sufficient materials have been delivered
to satisfy the first several days of consturction—primars structural material ,
(beam machine cassettes) for half of the satellite; solar blanket and reflector
rolls, electrical conductors, and switch gear for the first two bavs; and micro-
wave antenna components. Since the rear side of the facility is always exposed ) ’
to cpace with no interference trom the main construction activities, it 1s used
as the jig for building the microwave anteuna frame and as the location for ’
assembly and installation of the 30%30-m r.icrowave subsystem mechanical modules.
Fabrication of the microwave antenna for this Nth satellite was started on the
50tn day of construction of the previous (N-1) satellite and Is continued up
through the 48cth day of construction of this satellite. At that fime, it is
ready for installation on the slip ring mounted trunions.

. ) . ¢

Each satellite ving consists of 12 bays which are 800 m long. These are

constructed at the rate of one every two days using three 8-hour shifts per
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day. The structure and installation >f the power conversion system of Wing 1
is completad on the 34th day. While AJing 1 comstruction is taking place, the
microwave antenra crews are proceeding with the assembly, test, and instalia-
tion of the antenna elements into tne antenna frame. The antenna assembly
continues dgring,;he construction of the center station. .
Subsequent to completion of Wing 1, the construction facility censtructs
the longerons and frames_in the center section, installs tne slip rings, con-
structs the tension Supports, 1installs the trunions, and installs power wiring
in the center. Although 16 days are schewuled for this activity, the timeline
requires only 12 days with two additional davs scheduled for transfer of the
antenna to the trunion mounts. Two days are allowed for contingencies.

Inned iatel v upon completion of the center section primary Structure, th2
facilities for the operation and maintenance base are installed and the first
operational maintenance crew arrives to support installation of the antenra
control eleé;ronics and satellite _heckout, which takes place from Day 50
through Day 49.

By the 531st day, all satellite hardware has bcen delivered. On-site
logistics activities are thererore greatly reduced, freeing construction sup-

!
port personuel for subsystems hookup and checkout during the Wing ¢ construc-
tion period.

Use oL the cons&ructinn facility 1s completed on Day 78, and fl:away
transfer o the c~nstruction site of the next satellite occurs on Day 85%.
Final satellate cneckout and acceptance testing 1S tomnpleted on Day 86.

- Figure 88 saows a perspective view of the tribeam construction facilicy.
The facility 1s configured to restrain the free end of each cross-frame member
as 1t 1s fabricated. After completion of each 800 m of longitudinal members,
the constiuction facility is stopped, the cross-frame complexes are translated

to their offset positions, and the cross-frame members are completed and juined
to the lorgitudinals.

ARROWS SHOW DIRECTION OF TRIBEAM FARRICATION

Figure 88. fatellite Tribeam Construction Jig
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Orbital Base Concepts

Three orbital bases have been idertified to support satellite construc-
tion, satellite qgerations and maintenance, and low earth orbit logistics.

- These concepts are described below.
Sateliite Construction Base

Constructiox of the satellites takes place in GEO at its designated opera-

_tional longitude. The concept for the GEO construction base is illustrated in
Tigure 89. Construction is accomplished almost entirely from the single
assegbly and fabrication fixture shown in the left side of the figure. A crew
size of 640 has been established for accomplishing the construction in the
scheduled time, The crew and their facilities are divided equall; and are
located on each side of the hexagon portion of the fixture. One of these
320-men bases, shown 1in the figure, consists of 7 three-uwdule crew habita-
bility complexes plus two base management modules, two pressurized storage
modules, and solar array power modules.

L ] ,CREW HAS
PRESS STORAGE 2100 l /co !
MOD TYP 2 PLACES _ . mun.’ r!uas
= i S bt & g ;C—' e« SR X, X !
:‘ ﬂ OMS crm o oNE COMLEX
] ' ' ! 1+ SHIELDED FOR
VeI IC TR Lk RN

]
\ POWER / 1 k

mODULE

MODULE COMPLEX
SHIELDED FOR SOLAR FLARE
100 AN CAPACITY

Figure 83. Geosynchronous Orbit Construction Base
(Crew Size: 640)

The modules of the crew habitability complzx are described in wore detail
later (Figure 91). Each complex is composed of two crew habitab.lity modules,
each of which provides statervoms, personal hyvgiene facilities, dand suppert
subsystcms for 23 crew members: ind one crew support modale which provides
galley, r:creat’onal cnd medical facilities, and subsy>tum§ tor the 48 crew
members of the two crew habitability modules. Base managemunt modules house
the communications and control systems for the base and the construction facil-
ity. The pressurized storaze modules include workshope tor =aintenance of
construction facility elements and sarellite hardware as roguired,

Seven of the modules (indicated bv the dashed lines) are hardened against
solar flare radiarion and serve as tenporary quarters {or the entire (rew when
the base 1s subjected to thit eavironment. ’
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Operations and Maintenance Base

Figure 90 shows the permanent operations and maintenance base which is

installed on each satellite prior to completion of wonstruction. This base is :
located near the center of the safellite f-r best access to all parts of the
satellite, and is installed subsequent to completion of the center structure
as described in the discussion of the construction schedule. A mailntenance

crew of 20 has been estimated. The functions 0f the five modules which con- -
prise the base aie identified in the fivure. The c¢revw habitability module
internal configuraction is the same as for the coustructren base. The crew

Y

support module also has the same 1internal functions as tne construction base, -

but occupies only half of the module, the other halt bein, an integrated multi-
crew member EVA preparation and airlock station. )

SHOP MODWRE
PREXS, STORAGE / & PILSS STGRAGE .

EVA PREP

< / & AIRLOCK
L]
v CREw
. SUP"ORT
N
~ /. .
- -

SATELUITE
CONIFOL
MODWLE

AIRLOCK,'DOCKING
" MODWE - 4 PLACES

CREW HAD
Lo ) | i A
1A0DULE —
'8 -
N Figure 90. Geosynchronous Orbit Satellite
. Operations and Maintenance Base
(Crew Size: 20) .

Low Zarth Orbit Base

The LEU base personnel provide supervisory activities for transfer of up '
and down payloads between the HLLV and the OTV's and perform the scheduled
maintenance required by the COTV (changoout of thruster screens). Figure ¢]
tllustrates the concept for titls base. [t has one crew habitablity madule
and one crew support module of the same configurations as the GLO constructlon
base, except that six of the 30 stiterooms are located 1n the crew support acu-
ule. Direct transfer of crew and equipnent between the HLLY aand the OTV's 1s
planned; however, rultiple docking ports ind esxcess subsvstems capaciev and
power are provided for cmergency staging support.

“~
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® CREW HAB MODULE (CREW OF m
| yassansgmo g
v l
EVA AIRLOCK Dl 2 3.8, 5, bcs
CREW SUPPORT » CREV QUASTER DECK
o L (/ Bir,3 0 X 25 HIGH)
MODULY ) (@ 45 <INGLE STATEROOMS
7 S IRy : (D rERSONAL HYGIENE
»
DR 1€ oreraTIONS @ unumts oiSTRIBUTION
s.;f CONIROL & STAGING @ (O CrEw PASSAGEWAY
MODWRE o(5) CONTROL AREA '
100 KW SOLAR AxRAY \\/ ¢ MODIAE SUBSYSTEMS
cxew 1an MODULE” ™ X 20w (2 PLACES «) amocx AIRLOCK

- ® CREW Ui PT MODULE {CREW OF <th / J

' - f! GML[Y/EATIP\G/R{C ’MED N S.7M .

AIRLOCK = UETYSIEMS DIA,

- ! 29 S

Figure 91. Low Earth Orbit Base (Crew Size: 30) .

Mass Flow to Orbit

Satellate mass flow requirements, categorized vy major subsystexms to
support the constructicn schedule of one satellite, 1s shcwn fin Figure 92.
The initial mass requirement cen be a.iommodated on one COM- and woula be
scheduled to arrive at the GEO site duriny the construction facility orepar-
ation, which occurs during the eight days prior to cormencement of satellite
construction. The schedule requires that all material be delivered in 72 davs.
Howaver, 1t is planned to construct tne antenna frame and vommence installation
of antenna components zor the nest SPS during the latter part of (ne construc
tion schedule. Material delivery to support this constructlon 1s shawn an the
microwave antenna =d rorary joiat line, which estends past the 72 davs.

A total of 409 HLLY flights is required to trausport 3712x10% kg, repre-
senting thé mass of one SPS, to LEO. Ten u  “erent pavlioad mixes, averawing
91,000 Lg each, have been defined nua seq * ed to support construction needs.
An HLLV launch schedule of eight flizhts per dev has been postulated aad s
shown as the top line of the figure. The schedule 1s within the projected
launch rate capability, cansidering other requircments suc’t 4% mainteonance
material and crews. This results in toral SPS mass delivery 1n 51 dayvs—

21 days chead of the recuired conmpletion—thus providing (ansiderable margin
for contingencies wihiich could slow delivers -rate.

An analysis of cargo pachiging wis condudted to assure thit the construc-
tion materials can be proverlv pickaged 1n quuintities consisteat with constru -
tion requireaents and in pachaves that fulsv utilize the paovload werght )
capability of the HLLV, ahile not ewceeding the volume (onstraints Table 7
fllustrates packaging «oacepts for major clienments of the sateilite. These
package configuravions, sizes, and specitied quantities per satcellire are
designed [or corgatibilizs witl the satellite construction «fcept 1ad cen-
struction equipment described eirlier.
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Table 7. Cargo Packaging /
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The primary structure cassettes simultaneously feed eacn beam machine to
produce the basic 2-m_triangnlar beam elements used in construction of the
50-m girders. All cassettes contain sufficient material to complete half of
the satellite structure, thus requiring replacement only once during satellite’
construction.

Each solar blanket roll is 750 m long—the length required for one bay.
For a 500-m-wi“e bay, 22 of these 25-m-wide rolls are mounted side by side in
the blanket layer and deployed sirultaneously. End and side attachment
materlals and hardware are packaged separately.

The refledtors are 600 m wiie and 800 m long per panel when deployed.
When packaged, the reflectors have an accordian-fold 25 m wide. The resulting
25x600-m strip is then rolled for packaging as shown.

The 6993 waveguide panels are the lowest density payload item and, there-
fore, become a major driver :n packagirg and scheduling payloads. Based on
the average shipping dimensions and mas- for each panel given on the table, a
maximum of 22 panels for a total mass of 15,750 kg can be carried in the HLLV
cargo bay.

In additaon., klystrons (which do not present a packaging problem) are a
major pcyload item. The microweve anterna contains a large number of sub-
arravs that, in tcurn, are composed of up to 3C power modules. Each power
modul> has a klystron which 1s shipped co GEO separately and inserted after
tiye subarray has been secured to the antenna. Each klystron has an average
volume of 0.092 m? and ‘weighs 45 kg; 135,864 are required for each satellite.

Propellant Production

For each kilogram of mass to orbit, 16 kg of propeilant are needed for
the HLLV, assuming the use of a horizontal-takeoff, single-stage-to-orbit
concept. Of this propellant, Lne mass ratio of oxygen to hydrcgen is 1.7:1.

although oxygen comprises the greatest mass, production of hydrogen presents
the greatest problem.

Several processes were considered for the production of hydrogen. Of
these, coal gasifica*ion and electrolysis of warer appeared to warrant in-
depth analysis. These processes were analyzed to assess relative praduction
costs and, for coal gasification, the method of transport of coal or hydrogen
to the launch site. It 1s assumed that electrolysis can be accomplished in
the launch site area, negating the need for long-distance transportation.

The major results of this evaluatinn are presented below in Figure 93 and
Table 8. Figure 93 ccmpares the costs of liquid hydrogen deliverad at the
launch site.® Little difference in cost exists between producing the hvdrogen
at the coal mining site and shipping hydrogen to the launch site versus ship-~
ping coal (as slurry or on a train} to the lauach site and producing h,drogen
at the launch site. Electrolysis costs (assiuming 10-m1l,/kW-h) are about twice
the cost of coal gasification. As shown in Table B8, electrolysis has other

advantages, of which environmental considerations are most important.
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Figure 93. Prelim nary Propellant Production Cost Comparisoans

o

1

These data need to be incorporated into an economic assessment. to deter-
mine impacts on total transportation costs. The synergism of the 3PS concept
and elecfrolysis would appear appealing if tle cverall cost impacts are not
significant.

| Table 8 . Comparative Surmary

1 1

' POSTIVE FACTORS FOR: |
|
COAL GASIFICATION $PS ELECTROLYSIS
1
® ENERGY REQUIRED X
© COSTS X
® ENVIRONMENTAL CONSIDERATIONS X
® TRANSPORTATION REQUIREMENTS ) ¥
® HYDROGEN ECONOMY X
© MULTI-PURPOSE FACILITY X

Rectenna Construction

By

Major elemerts of a S5-GW recterna site located.at approximately 34°N lati-
tude are depicted in Figure 94. In order to minimize electrical wiring from the
rectenna panels, two electrical switchyvards re emploved, eacn with its own con-
verter and relay building. A rail spur line sould be utiliged, predominantly
for the construction phase, to bring 1n uravel tor the access roads and concrete
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plants aNd transformers for the switchvards. The four concrete plants would be
remuved after serving their function. The rectenna farm of 19%13 km contains
814 rows of rectenna panels tilted 40 dz2grees from the horizontal, providing an
active intercept grea of 78.54 km™. Since an individual panel 15 12.2%%14.69 m,
some 436,805 panels have to be assembled vn site and erected.
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Figure G4. Rectenna Site Elements

Since the selected rectenni panel concept 1s comprised of solid sheets
1.35 ca thick, they are relatively 1nsensitive to weatner. However, because
they arc solid, high wind loads (up tv 90 mph) must be considered 1n the con-
struction of the support structure. Overall arriv deflections must be less
than 3 cm. The support structure showr 1n Fijure 95 emplovs preformed hat sec~
tions, standara I-beams, and 3.53-inch-diameter tube traces. The I-beams and
braces support the structure on cLoncrete piers.
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Assembly of reitenna panels represents the major construction time chal-
lenge. The large numbers dictate the need for an assemtly and er.ction concept
like that shown in Figure 96. Fundamentally, the concept is a mobile assembly

-jig which, after having cumpleted its snare of the construction operations, can
be disassembled and transported to’another rectenna site. The assembly jig can
be loaded to co.~tain 10 sets of rectenna panel elements. Since eacn set weighs
22C0 g (~4800 1b), ctae 10 sets can be delivered to the jiz on a single flat-
bed truck. After the truck crane li1fts off a completed redtenna panel (see
insert) frow their loaded locations at the side and end of the jig, the hat sec-
tions and I-beam tube braces are conveyed into place. Stops are used to assure

ATTATK 700U MHAT SECT CHARNEL
W PLALES ALIGNMERT CONVEVOA BELT
IPLACES

CRANE ¥QURTED > TRANSVERSE LONGITUDINAL
MAT SECTICN CHANNCL / CRANEWAY CRANE wAY

AT SECTIGU CHANNEL HOSETSOF 20
STOAAGE OISPENSING
~.._ CARTRIDCE

-
A e (1726 M X 18 W)
S RECTEMWA PANEL

NOLUING AREA
NOSETS G 201

CRARE THACK MOUNTED
ADHESIVE DISPENER
RECTEMNA PART)
DEPLOYMENT/ATYACH TOOL CRARE

IBEAM/TUSE BAACE
A\BADING & STORAGE
1W0SETSOF 4

LREAD A IGNMENT TOOL
(8 PLACES) RETRACTASLE

1-EEAM TRANSFER
CONVEYOR QELT
TPLACES

Figure 96. Rectenna Panel Assembly Concept

exact positioning and alignment. The manned truck-mounted crame unit then
passes over the jig, Securing tne hat sections to the I-neams and laying down
the adhesive for the rectenna panels. These cperations consume approximately

21 minutes. hext, the rectenna panel crane moves longitudinzlly across the

Jj1g, placing each of the twenty 0.74-m-wide panels onto the completed structural
frame. A geared eccentric roller on this crane proviaes the pressure to secure
the rectenna panels to the frame. Wiring harnesses are then installed and the
hoist sling is attached from the truck crane for removal of the completed unit.
Ten array panels could be assembled 1in one eight~hour shift, but the number of
assembly jigs 1s based on one assemblv per hour. Installation of the completed '
panel on concrete piers 1s estimated to tahe about 20 minutcs. Une truck crane
and installation crew should be able to work with two assemblv jigs at 2 time.

-
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Impacts of rectenna siting alternatives on ease of integration iatoe “he
power grid, power management, and cost have not yet been accomplished. This
analysis requires an interaction between NASA and DOE activities. NASA must
define the alternatives for rectenna locations, and DOE then must determine the
impact of altermatives on the powe: grid. Three approaches to rectenna location
that shotld b.acket the possibilities are: (1) distributed, but near the load
centers; (2) regional clusters; and (3) single location for all rectennas.

TRANSPORTATION ELEMENTS

A key element in overall feasibility of future space initiatives is the
tténsportatioﬁ concept(s), either available of projected to be available in
the time frames being ccnsidered. Since transportation costs contribute signi-
ficantly to the total cost of future space industrializatio*, methods of reduc-
ing transportation cost or simplifying transportation operations is mandatory.
Primary drivers in establishing future transportation system requirements are
the projected high mass flow and flow rates to low earth orbit (LEO) and geo-
synchronous earth orbit (GEQ). i

The Space Shuttle provides a new era of space'cransporcation that will
allow economical delivery and return of payloads from space during the early
to mad 1980's. As ney initiatives are started in the mid to late 1980's,
Shuttle derava*-ive ccnfigurations (5DV-1l) with significantly increased annusal
cargo delivery capability (in excess of 6000 metric tons/year) will be avail-
able at a cost/kg to LEO of approximately 15 percent that of the Space Shuttle.
In addition, svlar electric propulsion (SEP) concepts will be available to more
efficiently transfer larger cargo masses from LEQ to GEO. By wvirtue of their
higher propellant specific impulse, the total cargo mass requirement to LEO
(primarily propellant) may be reduced by more than 50 percent of that required
of a chemical system.

As we enter the 1990's and begin exploitation of the various sphce generated
energy options, another evolution in space transportation systems will occur
because of anoth?r quantum jump in orbital mass delivery requirements. A& larger
SEP system, with a payload delivery capability to GEO of up to 40 metric toas,
wiil be required for transfer of solar power satellite (SPS) cargo. In addition,
thie SEP system mayv be employed as a proof-of-concept for the SPS.

1n the late 1990's, a new earth launch vehicle concept will be required to
support the constriction of the first operational SPS. A preferred concept is
a horizontal launch single-stage-to-orbit vehicle witn a potentaral annual
delivery capability to LEO of 600,000 metric tons it a cost of $12 to 15/kg
(1976 dollars). As we transition into the operational solar euergy program, an
even larzer SEP system with a payiocad capability to GEO of up to 5000 metric
tons will be required. This SEP transfer vehicle will fypther reduce the cargo
mass to GEO by 80 percent of that required by a chemical OTV system.

A brief description of some of the major futute transportation system
elements are described in the “following paragraphs. .
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@A% Rockwell International
Space Division

Basically, thg’Shuttle derivative configuration replaces the Shuttle

Orbiter with a cargo carrier capable
In addition, tte
replaced with lower operational cost
The LRB's utilize derivatives of the

in LEO, Figure 97.

of placing unmanned payloads of 84,000 kg
Shuttle solid rocket booster (SRB) is

crecoverable liquid rocket boosters (LRB).
Space Shuttle main engines (SSME).

The

derivative engine is a multi-mode engine which is capable of operation with
The operational flcw
of the SDV-1 will be similar to that of the Shuttle transportation system.
Because the vehicle is unmanned, a reduction in processing and launch prepara-

LOX/RP and LOX/LH2 to further reduce operational costs.

tion times may be expected.

for servicing of the LRB in lieu of the SRB.

SDV-1 consist of the LRB's and a propulsion/avionics module.
payload shroud is optional (i.e., no apparent cost advantage).

mission profile is depicted in Figure 98.

Minimum facility modifications will be required

The recoverable elements of the

Recovery of the
A typical

Since the SDV-1 is designed for-cargo only, the Space Shuttle Ovbiter will

continue to provide the required personnel delivery to LEO.

The derivative

LRB's will also be used with the Shuttle Orbiter to provide a greater Orbiter
payload delivery capability and reduced operational costs.

H
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Figure 97. Space Shuttle Derivative SDV-1
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Figure 98. SDV-1 Mission Profile

Horizontal Takeoff Single-Spa ‘e-To-Ortit (HLLV)

The next generation earth launch vehicle will employ an airline transporta-
tion concept 1in order to minimize operational maintenance and turn-around times
and overall operations cost. The need for vehicle stacking and staging, and
recovery of booster stages at sea will be eliminated. The winged HLLV 1s \
designed to take-off and land on standard-j-t aircraft runways. The only
unique facilities will be thase required for cryogenic propellant servicing.

The s.ingle-stage-to-orbit configuration utilizes a wet-wing concept and
multi-cycle airbreathing engines from takeoff to ~M = 7., Three SSME-type
engines-are employed from M = 6 to LEO. The vehicle has a cargo bay 6 x 6 x 30 m,
‘and 1s capable of placing 91,000 kg in a 550-km equatorial orbit.

N R
The winged booster, 1llustrated in Figure 99, is a tri~delta flyinz wing,

consisting of a multi-cell pressure vessel of tapered, intersecting cones.

The wing contour is a supercritical Whiccomb airfoil section with the leading

edge modified to improve supersonic and hypersonic performance with essentially

no reduction in subsonic performance. The outer panels of the wing and vent ‘-
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Figure 99. Winged HLLV - HTO/SSTO Concept

system lines in the wing leading edge provide the gaseous ullage space for the
LHy fuel located in the inner two panels of the wing. LO; tanks are located 1n
c¢he wing about the c.g., over the five inboard airbreather engines in each wing
panel.

In the aft end of the vehicle, three uprated SSME-type rocket engines
(thrust = 1.8 x 106 1b) are connected to a two-cone LH> tank with a double-cone
thrust Qtructure. "Approximately 50 percent of the volume of the vertical
stabilizer is utilized as part ot the gaseous ullage volume of the LHZ tank.

The cargo bay is located forward of the LHy tank. The cargo bay floor is
designed similar to the C5-A military transport 2ircraft; this permits the use
of MATS and Airlog cargo loading and retention systems. 1lhe forward end of the
cargo bay has a circular seal/docking provision to the forebody. Cargo is
deployed in orbit by swinging the forebody to 30 or more degrees about a verti-
cal axis at the side of the seal, and transferring cargo from the bay on tele-
scoping rails. Recapture and reloading of the cargo in space is the reverse
of that procedure. A size comparison of the winged HLLV and the C5A Galaxy
is shown in Figure i00.

Ten high-bypass, supersonic-turbofan/airburbo exchanger/ramjet engines
with a combined thrusc of 1.4 x 106 1b are mcunted under the wing. The 1inlets
are protected by retractable ramps that close-the inlets and: fair the botiom
surface into a smooth, continuous surface suitablz for Sanger skip glider or
high angle-of-attack ballistic reentry.
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Figure 100. Winged HLLV - HTO/SSTO C-3A Galaxy

Unlike the ballistic HLLV, the winged vehicle 1s capable of cruise to the
equatorial plane prior to injection into LEO. Thereforz, there ace 12 orbital
rendezvous opportunities to a particular orbit with essentizlly a continuous
launcP window. '

The winged booster trajectory is presanted in Figure 101. Takeoff is
accomplished under high bypass turbofan/air-turboexchanger power, with the
ramjet acting as a s'percharged afterburner. After clearing the runway, a
lainch gear truck 1s jctticoned and recovered by parachute. The vehicle then
proceeds to climb to optimum cruise altitude and Mach number under turbofan
power only. At cruisc altitude, excess airbreathing engines are shut down .o
provide economical cruise to the equatorial plane. A large radius turn is
executed into the equatorial plane, the 1dle airbreathing engines reignited,
and a subsonic climb to a suitable alritude 1s accorplished undet turbolfan/
air-turboexchanger power. A pitch-over into a constant energy, shallow-angle-
dive is than executed to accelerate through the high drag transonic region;
after whaich, the vehicle will pitch up into a supersonic climb attitude —
still under turbofan/air-turboexchanger power. At approximately Mach 3 and
85,000 feet altitude, the airbreathing engines transition co the ramjet mode
and the turbvjet shutoff vanes aie closed to limt turbine machinery tempera-~
tures. The rocket engines are ignited at approxaimately 100,000 feet and
6200 ft/s, and burn ii parallel with the ramjets. The ramjets are throttled
down and the air induction system closed at Mach /.2 and 130,000 feet. The
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Figure 101, Winged HLLV - HT)/SSTO Traiectory

vehicle continues ascent to an elliptic equatorial orbit of 91 x 350 km after
which the rocket engines are shutdown. A Hohmann transfer into circular orbit
1s then executed with the auxiliary propulsion system.

For reentry, the auxiliary propulsion system provides the \V required for
deorbit. A low-flight-path-angle, high-angle-of-attack decleration maneuver is
ekecuted to approgimately Mach 6. Partial plane changes are aéco:plxshed duz ing
this deceleration period. The angle of attack is then reduced to achieve zax -
oum li1ft/drag for high-velocity glide to subsonic velociry. At approximately
Mach 0.85, the 1inlets are opened and sufficient airbreathing e¢ngines are
ignited for powered flight to the launcn sice_aad ven.cle landing.

Cnemical Orbital Trarsfer Vehicles

A family of c emical OTV's will be required for -transfer of cargo and
personnel froa L0 to GEO for most proposed future space .nitiatives. Taese
orbital transfer vehicles will be of tnc same basic design, but will vary 1in
size to maintain compatibility with the earth launch vzhicle concept in usa at
that particular tize. A comion-stage concept will be employéd to simplify
operational requiremerts and fmi-imize cost.

Tt.e OTV configuration presented in Figure 102 is a mature version to be
employed with the advanced winged HLLV configuracion. The overali length,
diameter, cank structures, and docking mechanisms are identical. The only

‘ 4
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oruatftcant Jifterence 1o voty stages Jare the number ot engines — fouar tor the
11rot stape, and wo four the serond ~t ge. s approeach requires three winged
HLLV tlights to dilaver 1 91,000-hg paviload to GO (Fivure 103)¢ The tirst and
secoud stages and piylod module would be assembled on orbit.  Following shc
Lu~GRU wission, the spent 0LV stapes would be recovered i1n LEO by subsequent
wi. oed=HLLV veihizeles and roturned to carth for retucling, refarbishment and

reuse.

For personnal tran-fe , the same OTV would be emploved with a crew and
resupply module (CRM). A conceptual lavout of the CRM is shown in Tigure 104,

\ command module arca 1s reguired to monmitor and contrel OIV performunce
during crew rotat.on flighte. Jhis lunction 1s .ncorporaced 1n the torward
saction of the pissenger module as sinown,  Spacanp and lavout of the passencer
module 1s compatable to current commercial airline practice. - Arnominal pack-
ing density of 160 kp/md (20 In/ft3) 1s assumed for resupply consumables.  The
resupplv modules will be eachanged ecach mission., While at GLU, the resupply
module could be used as the consumables storage module. Thus, multiple access
aisles are also included 1in the sizing of the resupply module.

The logisties profile for a 48-man contingent at -geosyachronous orbit for
90 days is presented i1r Table 9. .
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1 Table 9. Crew Rotation/Resupply Logistics Profile
- Up Payload Down Payload
item actor
raere (kg) (kg)
Pcrsonnel‘/Personal
Effects LB Men x 110 kg/man .280 5,280 ]
On-Crbit Zonsunad' les 3.6 hg/Man-bay x 15.550 - i
(48 Men) x (3G Days) . J
Consumables Contairers 10+ of Consumables 1,555 1,555
Passcnger Module - 200 ky/Man x 48 Men 9,600 9,600
Resupply Module 20, of Consumables 3.110 3,110 )
0TV Crew Moduic Self-Sufficient - 2,000 2,000
2-Mar Crew -
A rotat | 37,095 21,545 '
(81,600 1b) (47,400 1b)
*Lonsidered 4s antesral part of passenser rodules '
S, ——— -

Llectrie drb.tal lranstfer Vehieoses (ColV)

The requirrment for low thrust, hign specific impulse propulsion svstems
to transfer -atellites or their materials trom LIU-to-GEO stems from the pro-
hibitive propellint demunds ol chemical orbitul trunster systems because of
the limited (24908} specific 1mpulse of foresecable cnemical svystems.

e mijor teclmolopy options for the electiic OTV propul:ton subsvsten
concern the thruster type, stze, and desipn operating point: the power inter-
taces between the thrusters and the solar array or otner primarny source; and
the propellant tvpe, stordge, and Jdi~tribution.

The accelerator and discharge power sources are small solar arrays near
the thrusters. This location reduces cavling mass at the low voltag: invelved;
plasna discharge 1> negligible.  decause only 5¢ KW per thruster is generated,
thermallv induced voltage transients can be regulated by voltave limiters. An
auxiliars power unit (APUY, cuarged by the discharge supplv solar array,
turnishes 278 W at 90-percent efficieney to the thruster low-voi age supplies.
The power sources and conditioning at. i1llustrated in Fivure 10s.

Ihe 1en thruster propellant selection crateria are availabflite, storabilipy), -

absence 9! scrious envirourwental i1mpacts, cost, demonstrated performance, and
technical suillmlllt\. Availabil:ty become, a rajor issue vhen it is recognized
that more than 100 Ly of propullant 1> reguired for cne satellite of the SPS tvyoe.
Jechnical factors are as ollows: .

° e sl spalse - At a given beam voltage, Tgp T IV my ,
wiere n, is the 1on mass. '
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Figure 105. Power Source and éonditioning
e High Thrust - At a given beam vrltage and current, T ~ mg.
{ R .
e Low Vaporization Temperaiure - Allows instantaneous thruster
restart after solar eclipses without power storage for
preheating.
° Low First-Ionization Potential - Limits thruster discharge

loss and minimizes the efficiency loss due to neutral atcwb.

° High Second-Ionization Potential -
loss due to multiple fons.

Minimizes the efficiency

Obviousl§, the first two factors are mutually contradictory and sre best com-
prozised by an ion of medium mass.

The propellants for which ion bombardment thruster experimental data exist-i~-
are evaluated against the above criteria in Table 1C. The selection of argon -
" is seif-evident.

Table 10. Ion Propellant Sa:lection Criteria
IOMIZATION
VAPOR -
ENVIRON- THRUSTER 2aTi0M P °“'(‘:;“‘ )
AVAILA-' MENTAL COST | TECHNOLOGY | ATONIC | TEWP. . -
PROPELLANT]  BILITY  ISTORABILITY] FACTCRS {(S/xG) | | SYATUS VESHT | (K) 1 2,
1| wreq (o.92 GROUND 1 ; .
ARGON OF AIR) CRYOGERIC |  INERT 0.50 | tesys - 35.9 97 i5.76 | 27 62
PROBABLY N EXTREMELY LABORATORY B R
CESIM 1 mapgquare| SOU1P neactive | 3% | peverop, | 132.97] 99 3-89 | 251 :
VERY N LABORATORY -
XENON SCARCE CRYOGENIC | INERT 1000 DEVELOP. 131.3 | 167 1213 2.2
Ea
HERCURY MARGINAL | LIQUID TOXIC 55 SPACE FLT | 200.6 | 530 1063 | 19.13
OR
167 IGINAL PAGE IS

OF POOR QUALITY

- e e e s e o r i e vme—m—a iy = Smr M Am en e g .

PO s L A SR PIPTAY F ISR FevET S




T, @A Rockwell Intemational
. ) Space Darsion

The electric UTV configuracion shown in Figure 106 is sized to accommodate
a payload capability of approximately 4 x 106 kg. The structural configuration
is essentially the same as employed for future space structures, and is sized ’
to produce approximately 264 megawatts at the thruster modules.

The thrustcer array is suspended LY cables and located at the vehicle c.g.
The thruster array is comprised of six subarrays (6 x 30 m), each of which is
capable of being pachaged an the winged-HLLV cargo bayi Approximately 259
one-meter electric thrusters are required for primary thrust. Additional
attitude control thruster packages are located at the structural e:tremities.
Primarv thrust vecter control is accomplished by a siip ring joint identical
to the tvpe used for S?¥% sntenna orientation. A component and pay load mass
summary is prescnted in Table M.

Table 1}. VIV Component and Pavivad Mass Breakdowms
(15 Percent Degradation)

Component Mass 'kg)
Solar Array and Reflector 304,057
Power Distribution " 372,109
Thru.ter Modules 31,080
Propellant (up) 186,864
Propellant (Down) 60,636
Propellant Tanks and Lines 49,500
Structure 62,045

. Rotary Jaunt 321,85%- X
A/C 53,770
JITV Mass (BOL) 1,441,947

Payload Mass 3,935,053 -
BOL Mass in LEO ' 5,377,000

*in:ludes a margin ot 8733 Ky (14.4 percent) ]

T.ansportation System Overview

. Typical orbital operations are depicted in Figures 107 and 103. Figure
shows the winged ULLV arriving at LLO base where a small on-orbit tug is used
to transfer cdrgo/pursonnel to the LLVU base or clienical OTV's and/or traasfer
cargo to the electric COIV, Fhe use of rhe on-orbit tug reduces the maneuver
requirements and probabflity of collision between orvitdl elerents. Figure
depicts an electric COLV arfriving at CLO tu support coistruction of a solar
power satellite. Again an on-orbit tug is employed to maintain a <afe separa-
tion distance between the rather large space structures.
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RECOMMENDED PLAN PROGRAMMATILS

- INTRODUCTION

A major output of Part I of this study was a list of anchor oprortunities.
In order to assess the programmatic implications (e.g., cost, time, funding,
schedule) inherent in the selected opportunities, it is necessary to integrate
- the opportunities into evolutionary, time-phused prograw., to estimate the
developnental and the operational costs, to deterrine tie potential sources
of the required funding, and to aggregate the costs into total funding require-
ments. Iﬁ this way, the budgetary implications of the space industrialization
activizies can be determined. In the process, improved cost data w:11 be
needed.  Turthermore, by comparing the ‘unding requirements witrn reveaues pro-
duced for various anchor opportunities, it will be possible to ascertain their
cash flows, break-even periods, and overall financial merits.

APPROACH

Background Assumptions

n amplementing baseline Plan B, 65 anclor cpportunities and support pro-
grams were identified, costed, ana integrated into the overall schedule.

- Because some opportunities may be eliminated from contention by future in-depth
analyses or competitive terrestrial developments, while others ave added to the
list, flexibility to accommodate changes was basic to the study ¢fforts. Each
anchor opportunity was treated individually, and its impact on aggregated
results was purposely made h:ghly visible to facilitate potential medifica-
tions.

Since the validity of the aggregated programnatig_cogt.data would be
diréctly dependent on the validity of the costs ascribed to the various anchor
opportunities, it was nicussary 1n many 1instances to generate preliminary
designs bused on essential technological and economic realities governing prac-
tical applications of the respective opportunities. Effert was focused on
establishing rosts that would b: valid within about +50 rarecht.  Constant
doliar~ (1977) were used througzhout the programmatic anilisis.

The various anchor opportunities were scheduled (pnased within the .nte-
grated space industrialization program) based on a balai e of considerations.
Among those were the strergte of the need for the anchor opportunity, 1ts
technological feasibilit,, and the reasonableness of logical ecvolutionarv
progtession of capabilities. The duration of the develdpment period was based
on .ne experience of analogous systems ddjusted for reiative comple.ity and
extent of inheritance from prior programs (legacy).

Programmatic costs vere estimzsted separatcly for the systcm acauisition o
phase (pron-recurring) and for the opcrations phase (recurring). A basic
system life of ten years on orbit was assumed. It was further assumcd that

1
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charges for the system's use would be sufficient to replace the system after
ten years. The acquisition costs included cstimates of non-recurring costs
of both the space segments and gro.nd segments (e.g., mission control, data
reception center, ete.). The operational (osts were assumed to be borne by
the "owner" of the system.  lThe onc-time cost of transporting the space sep-
ment to 1ts orbitil locatieon vas also e fuded 1n the acquisition costs. If
the nature of Lhe operition was such tnat periadic revisits were required,
then hese transportation costs erco ancluded 1n the arnual operating costs.
Basivally, the mnual operatioe, costs inciudad costs of servicing the space
seemett (When roquerad)  ind operatoay the ground sepment. A grey ares was
ciicountorod an the cost stroam of somc opportuntties thet wis ruesolved by
arbrirartly framcating costs o o1s to e lude only new, out-of-pocket costs
assoc b atad2wrty soploment ot o o0 the opportunity. For example, the operating
costs assov it vpch vrep forcostinge wore trumcated with the data receiving
center . The Doparement o Yo culture’s cvastang staff and computers would
pertorm the mab s of the dota, thardlore, their onnual costs vere not
ds=vs ol o arsnst the orep force st opportunits.,

Fach wne o voportunity e malvzod to determine 1ts luztceal source of
faudiny,  Con,cgaentdsy, four el sourcos of funding were idantified
(1) Wy, () othior LS, tovertment avencres, (3) foreaign govermmental cr
ntarnattont?t recacties, md (4) come roal, The prograrmatiic (osts uere
At titad by toese tonr fanding « tonernaes,

A gorl of the costang wethodolooy » a5 to produce estimates tnat would
fa11 vitdin ‘30 porcent of the viturl wost. Sovertl sources of cost data and
IPProacne s Lo cost “estimat o, were cmplosed.  lor those apportunities that
woere on=going or plinocd propgrams, cost dita were oxtracted fron budget hoar-
Inga.  In o number of o S, probmminaay desios had to be penerated and, in
these, par Gt costinge wis omplosads I vtner cases, studies had baon por-
tormed (or were in provess) and chorr cost it wete o nsed (Oifter roview o
deceptibrlity)e Fandllsy, the costs o ome oppartuatt 1es were determined by
scalting From anilovsous de appse V006 scabine factor was Jound to yrcld clos
approsimitions (1.c., 10 percont) whon tostad botween two known cost dita
points, md so was used Lo ost mrlonous sostows vhen other data were lacking.

When ¢ parame rie costing appron b was used, 1t was seneratly besad on
(oot Iotimat.ey ke batsonships (CHR'G)Y fTound. o the SAMSO uomanned spawecvaflt
Ccost nunde 1! Theoe cost estimatin: e batroasheps aeldod cost drta tn torms
ol TY7% dollars. in several tnstimee oy Shuttdo=derived ost data were nsod.
When appleog unifopous costing to o systom of hifforont cgnplsvaty than the
referonce sveatem, 1 ative complo ot faetors vore usad Sivrlarie, 1 ocost
reduction factor OF 095 por anpum was usad i come anstanees to reflect teon-
nolovical advancement (diverse Tosaoles aoecroiny 1ron en=going progr %)

lo project from dircot acquisition costs of spacecraft or misston cquip-
ment Lo system proerammitte » costs (Cope, racluding antegration, test, mnager
ment, cte.), 1 factor v 1.538 times the dircet hirdware cost was used

PSAMSO Lo D Spacecraft Cost Hoded, SAMSO TR-75-229 (Juls 1973).
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(excludlnv transportation costs). This factor was obtained from a study
which analyzed the composition of the costs of eight spacecraft programs by
cost categories. and showed the percent of total prcgram cost attributable

to each major cost category. Transporiation costs and capabialities for the
use of the Shuttle, Interim Upper Stage (IUS) or Solar Lleétric Propulsion
Systen (SEPS) were based on MSFC-provided data. Costs and capabilities of

Lhe Heavy ngt Launch Vehicle (HLLV) were obtainaed from Shuttle gruwth studies
performed in+house.

Acquisition cost data were spread on a 40:60 ogive over the development
years shovn in the schedule data. Torty percent of rhe acquisition costs
were shown to ne incurred over the first half of the development tame, and
the remaining 60 percent over the second halfi. By thus apoortioning the
acquisition costs and annual operating costs of each anchor oppertunity to
the corresponding years and then aggregating the costs by vear, by cach of
the four fun@1ng agencies (1.e., NASA, other U.S. Government, other govern-
ments, and commercial), thear anneval funding requirements were developed

fayloads carriea on the Geosynchronous Platform (GP) and Polar Platforu
(PP) were assessed a pro-rated annual charge sufiicient to enable recoverv of
platform costs 1n ten years with an annual return of 10 percent.

The use ol single source data carries with 1t the potential for substan-
tial error. To preciude—or at least, diminish-~the possibilities of such :
errors, all cost estinates werc tested for rensonableness by comparison with
cost data from other sources.

SCOPE AND LIMITAITONS

The basic analysis was lamited to the anchor opportunities that comprised
Plan B (SPS program termina*ed in 13987), and primarily to those that would
become opurational prior to 1990, To project beyond 1990 would iequire defin-
ition of second-generation (or even third-generation) hardware. The difficulry
nf extrapolating beyond the first generation of space industrialization would
. troduce uncertainties arisirg from assumptions of technological advances and
economic necds so as tc mahe any conclusjons highly susvect (speculative).
Consequently, major efforr was focused on space 1industrialization brogrxnmmLJ\a
16 the 1980-1990 time period, and on the initial activities essentral to space
exploitition.

The programmatic analysis was limited to the 65 anchor oppertunities
1dentified at the erd of Part T of this study. Admittedly, some of those
eliminated may be implementcd within the next decade, whale some of the 65
may not. Decvelnpments in laser bewa proragdatior and holegraphy could resait
in helograpnic TV, teleconferencing, or other applications which were not
included 1n the basic €5.- The 63 anchor opportunities should be viewed as
11lusrrative of the notentials of space 1ndustrialization.

lKitchen, Lawrence D., Manpower Cost Fstimation Model: Automafed Plaactary
Protects. Sclinee Applicationst Inc., SAT 1-120-194-C1 (March 1975).
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TE%I‘N ICAL DATA - '

The following sections present programmatic and descriptive data on the
65 recommended opportunitics.

o
Schedule of Recommended Oppuitunities

Lach of the 65 archor oppertunities was danalyzed to determine its loca-
tion zn the oracrl!y, evolutionary implementation of space industrialization
Table 12 shows the resulting implenentacion schedule by calendar year of
the sdlected oppoertunaties an the bascline plan. The opportunities a~e enya-
erated chronologically in th ir order of implementation with.n the verious
categories., ‘the D's denoto acquisition perieds, while 0's indicate operational
stdtus. 's 1ndicate o tesearch and development phase, and an X denotes an.
opportunity-concluding damonstrition toet .,

Systaem developme st/ acquisitson wis assumed to begain the by sureh
quiarter of the FVirst yoar designated, ana be completed at the concluaion of
the t':hlr(l nunter of the last svar destgniated. Cost data spreads ~eflecred
this schedul vy assunmption.

Summarized Cost Dita by Recommsnded Opportunstiies

The stmmartsod o0 -t data correspondine to cach of the 55 recormended
opportuntics 1te nown n their schodulod sequoace an Table 13 e antic-
p.JLm’l soutce of tand:ing (NASA, other U.S  Goverameat ayencies, other govern-
ments or consortia, or comuvcial) 1o rantaifice for vach oppostunity.

Descriptions of Hocommencod Opportunitice

Bracl descraiptions, atong with oo and funding >pre 1 data, are pre-
sented 1 the following section for et of the 65 recommended opporarnt aes.
Fhe sequence of prosantation s thit used carlrer i esteblisdung the schedulc
soquences by catogorics,

1. TIME AND NAV1IGATION SERVICES )

Potent1al mirket arca = The vime ond Navication Satelsite (NAVSTAL-GFS)
1s (lt';l_!',—l]-(_'.(l ro |;r«v\'i<l(_ Quat thly cquipped v 'ac o s vith three-axis pesitional
data to within about 10U mcters at oy poant an the world. “mile Lorm D pro-
vides two—asis pesttroaal data to within dbont "0 motars, 1t s Timited to
coastal tegrons coverad by Lorin stations,  In addition to position dita, the
system wilt glso provade aecurate trac refaence datas The svetom as sohed-
uled to be comploted and aperat tonsl an 1935,

Responsihle _ageney = Dopartment ol s Yense (DOD)

AHSllmprl(\n'-»/{'r')llfll_l__r_llll's/llmlld_Ll_U_l\_'w ~ The syatem 1S currently un or
development,

n IS
ICINAL PAGE
176 ‘Z%%OOR WUAL

fea




r <§%2§§§ Rockwell internations:
' Spsco Divzion

\ Table 12. Schedule of Selected Anchor Oprortunities——Flan B

ANCHOR OPPORTUNITY {MPLEMENTATIOPs SCREDULE - CALENCAR YEAR

WITHIN CATEGORY [af]azlaf1a4jas]u[]§~Jseleo190[9{192]@1]94]95

\ SERVICES ~ INFORMATION TRANSMISSION

. TIME AND NbV'cATION SERVICES 0 [ 0 ' o0
2. ELECTROMIC MAIL - USA 0 0
3. POCKET TELEPHONES - USA
&, 0In eaoADcA T EOUCATION - USA
S. BUSIHESS SYSY DATA XFZR - USA
6. ELECTR TELECONFCREMCING - USA
7

. IMPLANTED SENSOR DATA
COLLECTON - USA D

ELFCTRONIC WAIL - EUR/AFR
Pucuerremtﬂﬂone EUR/AFR

01k BROADCAST €D - EUR/AFA
11, WORLD n:ach‘ ADVICE CEN. (USA)
12. BUS SYST DATA XFER - EUX/AFA
13. ELECTR TELECONF - EUR/AFR

1h. HEDICAL AID § INFORMAICH, JSA
15, ELECTRONIC MALIL = ASIA

16. POCKET TELEPHONES « A3.A

17. ELECTAONIC TELECOMMLTING

18. DIR BROADCAST EPJCATION, ASIA
19. BUS SYST DATA TRANSFER, ASiA
20. ELECTR TELECUNFERENC.AG = ASIA
21, KATIONAL ‘NFORMATION SCAVICES i

]

9 © © O ©
©o 0D ©0 O O
2 © 0 © 0o O

(- 2O - B - B - - N -
© 0O O o O
© 9 © © ©
o O O

_.
e
9 oo oo

¥ © OO 0O 0 O 0O O O QOO

[~ 20 - B~ T - B - - B - B - D - O - T~ N~ B - B -4
9 0O 0O 0O 0O O C O O o O 0
© O 0 O 0 9 O 2 00 0 O 0

0 O U O 0O O O

o 0O 0O 0 ® O 00 0 0 0 0 0 0 O

o v | ‘ é { !

5LRVICES -~ OOSERVATION

22. VANDSAT D °
33, SEASAT B °
25, OIL/MINERAL LOCATION
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Table 12. Schedule of Salected Opportunities—Plan B (Cont,)

ANCHO® OPPORTUNITY
WITHIN CATEGORY

IMPLEMENTATION SCHEDULE - CALENDAR YEAR

8001 102 [n3lsa[ss| e[ 67 a8 ]ev]solor foa [or 04 [0s

PRODUCTS (F PRESENTATIVE)

ORGANIC o
37 150IN2VAES (SPACE DASE FAC.)
38, URORINASE (SPACE BASE FACILITY)
39. INSULIN (SPACE BAST FACILITY)
IHORCANI €

L0 LARGE CRYSTALS

41, SUPER LARGE-SCALE INTEGPATED
CIRCUITS

NEW GLASSES

HI-TEHP TURSINE BLADES
Hi-STSINGTIN PLAM  MAGNLTS
CUTTING TOOLS

THIt-FItA ELECTR DEVICES

rO8T 1My0US RIBBON CRYST GROWIN

L2
&)
44
bs
LT
47

2 v 9 O O

©

Qo o

9 0O O O o

o o © 0O © O O

2 ©O O O o ©

o o 0 O
o 0 © O oo O

48
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I 1
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i
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50

1]

%

i

SUPPORT ELEMENYS

!
FUNCT 10NAL
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§2 (EXT{NDED-OURATION ORBITER/
25-KW POVER MODULE

ADVANCLD TELLOPLRATOR
GEOS YNCHRONOUS PLATFORM
LOw CARTA ORBIT BASE
POLAR PLATFORM A
GEOSYNCH PLATFORM - [UR/AFR
LUNETTA DEMONSTRATION

POLAR PLATFORM ®
60 POLAR PLATFCoH C
61. CLORAL WEATHER & RESOURCE BASE
62 GFOSYNCHRONOUS PLATFORM - ASIA
TRANSPORTAT 10N

631 LOW-THRUSY OTV (SEPS)

64, riLy-) (SHUTILE W/0 ORBITCR)
65 GTV (LARGE LHEMICAL)
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Table 13. Summarized Cost Data~By Anchor Opportunity (1977 $M)

ANCHOR OPPORTUNITY SogRce NON RECURRING COST ANN 0PER cOST
WITHIN CATEGORY FUNDE [ TOTAL [ s°acE [arouno | TRanse | Yotal Jarace | wnouno
SERVICES - INFORMATION TRANSMISS! W

1 TIME AHD NAVIGATION SEPVICES othus | o _ - - -1 we] - | we
2. ELECTRONIC MAIL ~ USA otHuUs | 2405 ) 2eo0 | amsr | e | anes | eo | eves
3 POCKET TELEPHOMES - USA oMM 463 | a5 | so | nal wol co | ro
& DIR BROADCAST EDUCATION - USA conm w55y wea: 8y ! wo | 30| 20 | o
§ BUSINESS SYST DATA XFER - USA oMM mof wssal 60| wo | wo| so | e
8 ELECTR TELECONFERENCING — USA conu g | w3l ne 10 wel so | 1o
7 IMPLANTED SENSOB DATA COLLECTGR -UsA] otw us | 3803 ) siss | 60 | 219 | 190 | so | 190
8 ELECTRONIC MAIL - EUR/AFR ot Gov | 2me | 180 -1 no | sel so -
9 POCKEY TELEPHONES - EUR/AFR oTH.GOV | 2818 | 23859 s0o | 28 | w0 | so | 100
10 OiR BROADCAST E0 -~ EUR/AFA OTH GOV 1683 1398 [}] 10 360 80 100
11 WORLD MEDICAL AFVICE CEN (USA) othes | mofsso| se | no | wol eo | 1o
12. BUS SYST DATA XFER - EUR/AFR otHGov | 132 ) visa| so | wno | wo | @ 100
13 ELECTR YELELGNF - EUR/AFR orngav| ®8| 138] 1o 70 { 10y 60 | 100
16 MEDICAL AIG & INFORMATION, USA otwus | 3980 | wso | 200 ! o | o} so | 00
15 CLECTRONIC MAIL - ASIA OTR S0V 2008 1340 - 3?6 1] 60 -
16 POCKET TELEPHONES - ASIA omcov | 2819 | 2351 $0 | 26 | w0 | et 100
17 €:ECTRONIC TELECONHUTING coms: 1680 | 1550 -] wo | wo] so | 1o
18. DiR BAOADCAST EBUCATION, ASIA otmgov | 182 wse | ev | wo | w0 w0 | o
13 BUS BYSY DATA TRAHSFER, ASIA otHgov | 122 ) ez | s0 | une | wo ! se | wa
26 GLECTR YELECONFERENCING - ABIA otuoev | 816l nel no 70 | wo | 6o | 100
21 NATIORAL INFORRATION SERVICES ovHus | 48y ) 335 | e10 | 28 | se | o6 -

' SERVICES - DRSFAVATION

21 LANDSAT D NASA wes | - - -V o) -
21, SEASAT B NASA gsa{ nof wo | wol| wa] -} a0
20 0. /MINERAL LOCATION NASA o) oo} wol] wol wol - | wo
75 WATER RES HMAPA DYN §Y8.A OTH US 0| eoe| so | mo | we| 26 | o
28 TOPOGRAFHIC MASPING NASA ojwoo] wo | mo | wo{ -} 1wo
21 WATER RES.MAPA DYNSYS 0 OTH U ne | eno -1 wol 20| 20 -
0 CROPMEASUREMENTADC ewus | 80 ) ool o | me | wol so | o
29 GLOBAL EFFECTS HONITORING A O otmus | wse | 00| se | 28 | we | ac ! 100
30. WATER RES MAPA DYN 8YS C oTH U3 no| oo -} no ] 207 10 -
31 OCEAN RES.8 JYN SYSABC otwus | 2000 | woa| 80 | 28 | wo | a0 | 100
32. MICROWAVE RADIOMETER NASA 90 { M2 | wo [ wme | wol - | o
13 LUNARORBITER NASA 036 | woo | w00 | s | wo ) - | 10
3 PIGH RES. RESOURCE SURVEY NASA mofweo| 1o | naj wal - | wo
35, HIGH REX RACAR MARFING NASA e |acs] wo | 2e ) ws| - | we
33 LUNAR UNMAKNED EXPLONERS MASA 28 {300 wo | as | wo) - | w0
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Table 13. Summarized Cost Data—By Anchor Opportunity (1977 $M) Cont,
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SOUR
AN{HOR OPFORTUNITY g‘CQ v NON RECURRING £OST ANN QFFR £OST.
; WITHIN CATEGORY FUNOS | TOTAL ]h“ACE [GROUN_DI TRANSP ! TOTAL l SPACE | GROUND
PRODUCTS (REPRESENTATIVE)
ORGAMIC
37 ISOENZYMES (SPACE RASE FACILITY) COMM 160 | 1000 60 no 10 10 -
3R UROXINASE (SPACE BASE FACILITY) COMa 2168 | 000 50 Nng 10- 10 -
39 INSULIN {SPACE BASE FACILITY) coMM 2268 2000 S0 FAE | 10 10 -
INDRGANIC
40 A LARGE CAYSTALS 40A NASA 2102 2132 LY - - - -
40 B LARGE CR]VSYAlq 408 COMM 6231 1265 (14 1308 e 218 20
41 SUPER LARGE SCALE INTEGRATED CIRCUITS | COMM 2613 1269 10071 108 Fal ] No 20
[} NiWGlASSFS CuMM 7613 1265 107 ‘308 M3 FAN:] 20
43 HI TEM® TURCINE BLADES comm WY {1768 100 tion 218 | e 0
44 HISTRENGTH PERM MAGNETS comMm 1613 1269 100 1308 2j8 18 0
45 CUTTING TOOLS CoMM 613 | 1258 100 1208 29 | #8 26
86 THIN FILMELECTRONIC UFVICeS COMM 2603 1366 100 1300 e 218 20
&1 CONTINUQUS RIBBON CRYST LROWTH LOMM 26713 1268 100 1308 228 216 20
ENENGY
48 ASOLARPWRSYSTDEVELOFMENT NASA 468 200 50 ns - - -
48 BSULAA VR SYST DIVILOFMENT 0T us aneao - - - - ~ -
49 MGhT LIy (LUNET'N o1y us 570 (224710 e 5000 00 100 0o
- PECPLY IN SPACE
S0 MEDICAL ANDC GENETIC RESEARCH i NASA 160 l 1000 60 1o 160 100 80
(SPACE BASE)
SUPPOSTY LEMENTS
FUNCTIONAL
S1 SHUTTLE/SPACELAS NASA 26216 - - - - - -
52 EXTENDFD DURATION ORBITER/ NASA 1618 1300 100 218 100 - 100
78 KW POWER M?OULE
83 ADVANCED ltlfﬂ"ﬂk'oa NASA 1670 1500 100 70 ,09 - 100
o GEOSYNCHRONOQUS PLATFORA USA UASA 2814 | 159 100 1157 100 - 100
35 LOW EARTH (IPBIT BASE NASA 218 | 1320 100 218 w2 |8 60
|58 POLARPLATINAMA NASA 10)8 AR 100 18 50 - [}
8] GEOSYNCHPLATFORM FUR/AFR 0TH L0V 814 1847 - 157 00 - 100
S8 LUMETTA DEMONSTRATION NASA a1 8 801 100 18 - - -
%9 POLARPLATIURMB hASA 648 450 . 218 50 - 60
€0 POLARPLATIORMC NASA 648 | .40 - nes 50 - 50
61 GLOBALWEATHFR A HESOURCE BASE OTH GOV %16 | s000 10 416 912 81? 1n0
62 GEOSYNCHRONOUSPLATFORM - ASIA QFH GOV | 2814 | 1987 - 157 100 - 100
YRANQPUR'A'@L‘_
63 LOW THRUST DTV (ScPl) NASA 2:50 | 1932 100 ne 100 - 100
S4 HLLV 1 (SHUTTLE W/O ORBITER) NASA 19818 {19%)0 100 ne 100 - 00
6% OTV(LARGE CHERCAL) NASA 8310 | GnOO 100 18 100 - 100
18D -




é%% xmmemaﬂonal

- © Space operations - A network of 24 satellites 18 vequired
Y for full operational capability. Farly satellites w.ll be
launched by conventioral booaters. The firat Shuttiao-
launched satellites will be emplaced in 1983,

- e Grourd operations - A mission coutrol center 48 assum2d at
a nominal cuat of $10 million per year,

The aggregatec
gpuce, ground, or

Coit data - Tha basic source wae modified program data.
data obtained for non-recurring costs were not divided into
transportation categories.

% Non-recurring cost - $381 million

© Annual operating cost - $'0 nillion -

Svstem acquisition funding requirements = (1977 $M)

TOTAL 1980 1981 1982 1983 1984 1985

381.0 25.0 69.0 56.0 91,0 70.C 70.0
2. ELECTRONIC MAIL~~USA

Potential market acrra - This syetem as defined would be a U,S. pustal
system service, Letters written on a standardized form would be physlcally
tranasferred from one of the 30,000 local posi offices to the nearest regiuonal
center (RC). At the center, a facaimile of the letter would be cransmlctcd
via relay satellite and reproduced at the reglonal center nea1cac its destin-

ation, The facsimile copy would be physically transpor.ed to the local post
office serving its destination for next-day delivery; 845 reglonal centers
would need to be equipped for automated electronic mail processing.

Responaible agency - U.S. Postal Service

Assumptions/ground rules/limitations - The syatem would be capable of
handling 40 million pieces/day, "Electronic Mail" was definad as faceimil.
reproduced material processed and delivercd by the postal service. hkxecluded
were word processors ovr private facsimile transmicsion.
concept was predented In an earlier secticn of this report.

f ¢ Space operations - Antennas and electronic packages were assumed
to be emplaced on & geosyrnchronous platfeym,

@ Ground operations - Al} 845 regional centers were agssumed to he
! equipped with highly automated equipment for processing the elec-
tronic mail,

Cost data - Cost estimates were derived primarily from cost estimating
relationahips as applicd to preliminary design specifications,
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° Non-re_urring cost (1977 £M)

Space segmoent 48,0
Ground sepgment 2218.1 (for 875 RC's)
Transporthtion

to LIO 21,8

lotal  2987.9

® Annuil operating cost (§M)

> Space sepment (GP) 6,0
Grouml sepment 478.5
: Tota “84.h

System toquisstion tunding requiremonts (51977 M)

t
TUTAL 1981 19481 198 1943 1984 1985

YA87.9 17.93 399,13, 837.8¢ 779,04 378. %, 75.37

3. POCKET "ELLPHONES —USA .
} -
Potential market”crca = A poraonal, portable put ket telephone that opor-

Aates via relay thvonpl o poosym bronous orbit satel’ite consututes the eRLency
of this vonvept,  Catls would be relaved from the satellite to convent fonal

. Leleplione networ b stations for transmlssion thronph e repular tolephone ayse
tem or, apin, via satellite 1telay to portable e destioations,  Because of
battery and antenng sdee requitementa, the per wnal unlts were vomparable to
pachet calcutatory fn slze. This concopt revoves the curroent vange dand top-
eraphy Thwitatlons cncomteraed by oxisting, mobile Lul‘u'pmnun.

Reopony | bl apency = Comnercfal

l_\fl_sx_«_igp_l“l;)n_j._/_;_;_r_.n'l_n_ll(!‘__r_"qlth_/ll_nljt_‘:_l_l'«lnﬁ = Ihe banic desipn would vnable
proceassing of approximately 45,000 simueltaneous calis., A deseription of che
concept vdas presentad Inoan carlblor section of this report,

% Space operations = Fhe antonmas awd olectron b packages were
aasutnd to be emplaced on the geosyuchronous platfor,

9 Ground operatrons - Cavent lonal tolophone systems wonld be )
vmploved Tor call propgaation ana billing,  Consequeatly, no
New pround Tacrtaities were assamed to e requlred beyond those
currently In boing or planned (Foel, satellite relavy of con=
vent loaal teleplhione o ) in,
AY

Cant dat v = Cast oot imated were dorlved primartly from CIR's applied

to pretiminuy denlpn npecifieations, - '
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9 Non~recurring cost ($§M)

Space segment 313.5
Ground segment 5.0 )
Tranaportation to LEO _31.8

Total 340.3

® Annual operat.ing coat (SM)

Space aegment (GP) 6.0
Ground segment
(minsicn control, ete.) 10,0 .

Total 16.0 B

|
The inftial coat of the ground unit {s $650, reducing down 85-percent
learning curve to less than $100.

System acquisition funding requirement (1977 $M)

TOTAL 1981 1982 1983 1984 1985

—

340.3 3,82 83,35 151,96 84,75  16.42

4, DIRECT BROADCAST EDUCATION

Potential market arca - A!l homes in the U.S. equipped with TV sets could
recelve five channels of direct broadcast educational TV upon installation of
a one-meter-diametes antenna and TV adapter.

Responsible agzency -- Commercial (e.g., { blfic broadcasting service)

Assumptions/ground rules/limitations - Five channels of specialized
broadcasts would be transmitted via the satellite directly to homes. Four
trarsmitting stations—one in ecach time zone—would be used. A description
of the concept may be found in an ecarlier section.

® space operations - Antennas and electronic packages were
assumcd to be emplaced on the geosynchronous platform,

® Ground ogerations - A roof-mounted and accurately pointed
parabolic antenna would be required. Tho recelved signal
would necd to be proceased through an electronic adapter
for compatibility with conventional TV setas,

Cust data -~ Cosat estimates were derived primarily from CCR's appliea to
preliminary design specifications. i
e Non-recurriﬁg cost (SM)

Space segment " 186.4
Gruund segment i 8.1 !
Transportation to LEO (1/2 Shuttle) ., 11.0°- °

Total 205.5
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9 Annual oporating cost (§M)

Space sepment 26,0
Cround sepgment 10.0
° Total 36,0

Costs of develupment of ceducations) IV programs are not included. The
fnfcfal cost of the IV antenna and adapter I8 catimated to be $200,

Syscem acquisition funding 1equiriments (1977 $M)

TOTAL 1981 1982 1983 1984 1985
205.5 2 5001 9177 51,17 9.4

5. BUSINESS SYSTE!NS DATA TRANSTER—USA

and [ac.qlnilc untts in companien will Hkuly tequlre deL.nud mtel]il.t“i.
Mata would be transmitted via company antennas to o satellite that would relay
the data to the appropr fate recefvivg statfon,  This (encept would be cunmpet i-
tive with telephione Hines cartently used for such appls ations, but which are
bocoming Inureasingly saturat d,

Responsible apency = Conmercf.rl

Asoumpt{ons/pround rules/Limitatons = Usere of this sys<tem would —h.w«.
c.quipmun._ for transmitting and re cavang, hl;,h-.l‘nsl'y data via the relay
satellfce '

® Space operat.ons - Antennas and eloctronie packapes were
agtuned to be emplaced on the geosvi hronous platform.

® Ground opcerations - bata would be formatted and compiled ...
within compiny computers tor transmissfon via relay satel-
lite to other computers where the data would be reconsti-
tuted for human usc. A computerized system {8 envisioned
for munitoring systen use and lor customer billing.

Cost dat1 - Cost estimates were gencrated by asalogy ta ko;y clements of

No, 3, Per somal Communications..

@ Non-irocurrimg cost ($11)

Spaice sepment $55.0
N Cround scpment. 5.0
i Transportat ton to LIv (1/2 Shattle) 11,0

1()':[1 1-71!0

O Annual operating cost ($M)

. Space segment 6,0
Ground sepment 10.0 Ik
' fotal  16.0 ORIGINAL PAGE
OF FOOR QU
184




[y

f
e e - D Y ) - -

: §£% Rockwell Intamational
) Space Division

Initial cost of the ground units (i.e., antenna plus electronics for
computrer interface) o assumed to be $30,000.
Svstem acquisition funding requirements (1977 SM)
(4
TOTAL 1981 1982 1983 19084 1985
171.0 1.92 41.88 46,37 42,58 8.2

6. ELECTRONIC TELECONFERENCING—USA

Potenttal market area - Travel to conferences or business meetings can be
substantially recuced through teleconferencing with a resultant reduction In
fuel consumption and saving of time. In this concept, real-timeviews ol the
groups participat fag in the conterence are televised via relay satellite and
displayed to thioir counterparts on giant-screen TV's,

Rusponsible agency - Commercial

Assunpt lona/ground rules/limitations - Approvimately 80 to 100 teleconfer-
ences could be broadcast gimaltanccusly by the deflned syetem. This pumber
could be expanded by use of stop-frame techniques., Detuils of the system may be
found {n previous sections of this report,

® Space operations - The space sepment was assumed to be mounted
on the geosynchronous nlatform. -
® Ground operations - Lich facility utiiizing this concept would
require a one-meter antenns for communication with the relay
satellite in geosynchronous orbit, Costs of TV camcrag, elec-
tronic packages, glant-screen TV, ete., per installation were
estimated to be $60,000: these costs were not included. Costs
for decorating conference rooms and equipping them with conven-
. tional furniture were also eacluded. L=

Cost data - Cost estimates were derived primarily from CER's applicd to
preliminary design specifications.
@ Non-recurring cost (5M)

Space gegment 73.6
Ground sepment 11.0
Transportation to LLO (1/2 Shuttle) 7.0

Total 91.6 -
® Annual operatiny cost ($M)

* Space segment 6.0
Ground segment 10.0

Total 16.0

Initial cost of electronics for a teleconfercncing facility was esti-
mated to be $60,000,
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System acquisitlion funding requiremsnts (1977 $M) ) -

TOTAL 1981 1982 1983 1984 1985 .
91.6 1,03 22,43 40,91 22,81 .42

7. IMPLANTED SINSOR DATA COLLECTOR—USA

Potential market area = In this anchor opportunity, dacta gathered by
diverie, remote scensors are transmitted to a relay satellite which re-transmits
them to the appropriare pround i1eceiving station. This aystem may be viewed as
closcely related to the persomal communlcattons conceot Inasmuch as data from
thougands of sensors (phone calls) will nead to be relayed to data reception
centers,

gggpunsihlu agency = U5, Government (e.g., Department of Interisr) agency,

Assumptions/pround rules/limitat lons = Data from 45,000 sensors can be
recelved and relayed sinualtancously by the space segement. The arca oir cov-
crage Is limited to the contfguous 48 states.

Y Space operations - Antennas and clectronde packapes were assumed
to be caplaced on the prosvachrovous platform.

© (round opcoriations = Costs of the data recelving pround stations
wore not included bocanse, tnomny tastances, they wouwed be sub-
stituted for esisting data colluection networks, Cost of space
paylrad mission control was Lndluded.

Cost _data - Cost data were estimated by analogy to ho. 3, Prrsonal Com-
munications,

© Non-rewuriing cust {($M)

Space segment 113.5
Ground segment 5.0
fransportation to LRO  2).8

Total 340.3

© Annual opvrating cost ($M)

Space sepmont 6,0
Ground segmuent 10.0
lotal 16,0

The Int'lal cest of senscr data transmisslon units would vary widely,
depending on ch application, life, frequeney of transmission, vtc. '

System acquisition funding reguirements (1977 §M) |
1

TOTAL 1981 198 1983 1984 1945
340.3 3.82  83.35 151,96 84,75 16,42
~RIGINAL PAGE 15
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§. ELECTRONIC MAIL—EUROPE/AFRICA
Vv -
Poteutial market area - If electronic mail is implemented in the U.S.,
then 1. will likely be expanded to foreign countries. Air mail from the U.S.
to Rio de Janeiro takes at least seven days—frequently, 11 uays. In this
- anchor opportunity, electronic mail is implemented among countries in the
longitude of Europe/Africa and between these countries and the U.S.

Responsible agency - Foreign government agency/consortium

Assumptions/ground rules/limitations ~ (See No. 2, Tlectronic Mail-—USA)
The non-recurring and annual opcrating cost of ground installations was not
eastimated because of uncertainty in the number of stations ?equired. A normul-
ized estimate for the non-recurring cost of eunch mail station would be on the
order of $3.0 million. The annual operating cost per mail station would he on
the order of $0.5 million.

gggc data - Cost estimates were derived by analogy to No. 2, Electronic
Mail-—U,S.

- - o

® Non-recurring cost (SM)

Space segment 186.0
Cround segment - ($3.0M each)
Transportation to LEO _21.8

Total 207.8
® Annual operating cost ($M)

Space secgment 6.0
Ground segment - ($0.5M each)

Total 6.0

System acquisition furding requircments (1977 $M)—space segment only

TOTAL 1982 1983 1984 1985 1986 1987
207.8 1.50 33.36 69.99 65.06 31.60 6.29

9. POCKET TELEPHONES—EUROPE/AFRICA

Potential market area - This anchor opportunity is the application of
No. 3, Pocket Telephoneg — U3SA to the European/African ateu%

-

Responsible agency - Foreign gevernment consortium

-~

Assumptions/ground rules/limitations - See No. 3, Pocket Telephones
—USA.

Cost data - Cost estimates were derived by analog to No. 3, Pocket

TelepFones — USA.
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9 Non-recurring cost (§4)

Space sepment 235.1
Cround scgment 5.0
Transportation ° 21.8
Total  261.9 )

® Annual operating cost ($M)

Space scpment 6.
Ground svgment JO.

Total 16,0

oo

>

System acquisition funding requitements (1977 $M)

IOTAL 1983 1984 1985 1986 1987
261.9  2.94 64,14 116,96 65,22 12,64

10. DIRECT BROADCAST EDUCATION—EUROPE/AFRICA

Potential mirket arva - In this anchor opportunity, the U.S, developed
syatem 1s inetallaed In the turopean/African arca to provide a similar service
there,

Resaongihle agoney =~ Foreign governmwent consertium
it 3 2L

] Assumptions/pround rules/limitations -~ See No. 4, Direct Broadcast
Eduvcation—uJdSA.  The five-Tv-channel capacity would be allocated among the
nations procuring the system,

Cust data - Cost estmmates were derived by analogy to Mo. 4, Direct
Broadcast Iducat ion—USA.
® Non-reocurring cost ($)

Space segment 139.8
Ground segment 8.1
Transportation to LEO (1/2 Shuttle) 11.0

Total 158.9

® annual operating cost (&M)

Space sepment 26.0
Cround suvgment 10.0
Total 36.0

\

Cust of developing the cducdtional TV- programs is not included. The
initia. cost of TV anteana and adapter Is estimated to be $200.

Systrm aquisitiop funding requirements (1977 $)
TOTAL  198° 1984 4985 1986 1987

18.9  1.78 38.93 70.96 39.%  7.67 ORIGINAL PAGE IS
OF POOR QUALITY
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11. WORLD MEDICAL ADVICE CENTER--USA i

Potential market drea ~ Jn this anchor opportunity, diverse medical datua
such as statistical incidence of diseases, clinical analyses, diagnostics,
treatment, pharmacology, etc , are all rapidly available from ¢ medical center
data bank via satellite relay. While the medical center was assumed to be
located in th2 United Stztes, i1ts data would be acgessible worldwide.

Rosponsible agency — U.S. Government (e.g., Department of HEW) agency,

Assumptions/grovnd rules/limitations - The key goal of this anchor oppor-
tunity is rapid and accurate diagnosis of patients afflicted by obscure diseasces
or by several diseases simultneously which may result in unconventional symp-
toms, thus taxing the abirlity of even highly capable physiclans. It focusces
on lesser!known diseases alotp with the most recent findings of their svaptoms.
laboratory tests, and tceatment, )

® Space operations - The antennas and electronic pickages were assumed
*o be emplaced on the geosynchronous platform.

9 Ground operations - Real-time color TV (stop-frame mode) pictures of
patients and cheir afflictions can be relayed between the users and the medical
advice center.

Cost duta - Cost estimates of Lhe space seygment wuere ucrived by analogy
to No. 5, Business Systems Data Transfer. Cost of the ground segment wa,,

limited to mission control operations because of lackh of potential market data.

° Non-recurring cost ($M)

Space segment 155.0
Ground segment 5.0
Transtortation to LEQ (i/2 Shuttle) 11.0

Total 171.9

©® Annual operation cost (SM)
Space segment 6.0
Ground segment 10.0
» Total 16.0 '

a—
e

The initial cost of a ground terminal was estimated to be on the order
of $30,000, )

System acquisition funding requircment (1977 $M)

TOTAL 198 1984 1985 1986 1987

171.0 1.92 41,88 76.37  42.58 8.25

1.9
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12. BUSINESS SYSTEMS DATA TRANSFER—EUROPE/AFRICA

Potential market arca - Multi-national corporations will desire to exchange
data among their facilities and subsidiary companies. This anchor opportunity

is an application of No. 5, Rpsiness Systems Data Transfer to the Evuropean/Afri-
can region, including the Middle East. -

Pesponsible agency - Becduse communication systems—are nationalized in most

foreign courtries, the responsible agency for this drchor opportunity will likely
be a foreign government consortium.

Assnupt ions/ground rules/limitations - See No, 5, Business Systems Data
Transfer—USA.

COQt data™- wost estimates were gencerated by analogy to No. 5, Business
Systems Data [ransfer—USA,

© Non-recurring cast (£M)

Space scyment 116.2
Ground sepment X 5.0
Transportation to LFO (1/2 Shutt1¢y, 11.0

lotal 132.2

® Annual oporatina co-t ($M)
Space scgment 6.0 -~
Ground segment 16.0

Total 16.0

System acquisition ‘unding roquirements (1977 $M)

TOTAL 1984 1985 1686 1987

132.2 2.62 55.30  062.58 11.70

13. ELECTRONIC TELECONFERENCING--EUROPE/AFRICA

Potential market arer - The same beaefits that would accrue from domestic
(U.S.) teleconferencing would also result from teleconferencing among Europcan/
African companies and between U.S. and turopean/African facilities.

Responsaible anency - Foreiga government consortium
) B

Assumptioas/ground rules/timititsons = Sve Noo 6, Electronic Teleconfer-
encing—USA.

AY
Cest data - Cost estinates were derived by analogy to No. 6, Llectronic

Telecorferencing—USA.

ORIGINAL PAGE Ib
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® Non-recurring cost ($M)
Space segment 73.6
Ground segmentc 11.0
Transportation to LEQO (1/3 Shuttle) 7.0
Total 91.6 )
® Annual operating cost (§M)
Space segment 6.0
Ground scgment 10.0
ToLal 16,0

1m1tial cost for a teleconferencing facility was estimated to be
$60,000.

System acquasition funding requirements (1977 $M)

1" -
TOTAL 1984 1985 1986 1987
9l.6 1.81 38,31 43,306 8.12

i4 MEDICAL AID AND INFORMATION—USA

Potential narket area - Two kinds of medical data are provided in this
anchor opportrmity. Patient medical histories are provided to paramedics so
that apnropriuate treatment can be quickly initiated. The system also linhs
paramedics with arctors and speclalists whe can participaze In the diagnosis
and gnide the emergency-treatmeat by prosny. The second aspect of this andhor
opporiunity links doctors, medical clinmics, and hospitals with a diagnostic
LCTIPUL T,

Respousible apency - U.S. Government (e.g., Department of HEW) apency.

Assumptions/ground rules/limitations = A description of this concept i«
presented in an earlier section of this report. The basic system may be com-
pared to No. 5, Business Systems Data Transfer—USA.

® Space operations - The antennas and electronic packages were
assumed to be emplaced on the geosynchronous platform. '

9 Ground operations - Commnunication terminuals are located {n
ductors' o7 fices, medical clinfus, and hospitals &n addition
to being rounted on emergency medical vehicles, A sangle

- Jdiagnostis computer is located at a national fa ltity, where
i1ts prograns are continuously updated to ivcorp. rate the most
recent redical Findings,

Cost data - Cost estimatcs of the space segment were derived bv analony
to No. 5, Business Sy§tcms Data Tranvfer—USA. Costs ot the ground segment
were gencrated primarily by parametric costing.

: .
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@ vVon-rocurring cost (M)

4 Space segment 155.0
Ground scepment 230,0
Transportat fon 11.0

°®  rotal 196.0

® Anmual O zatiry cost (SM)

Space soepment 6.0
Croana aopment 120.0
rotal 1°6.0

Tne averape mnitial cost ot g pround temiral was eatimated to be S$5L10,
baned on a buy of 10,000,

Sastem wquisition funding tequirements (1977 §M)
TotAL 1984 1985 t9sa 1987 1988

J9u.0 O] 90,99  170.87 98, o 1e.10

19 LELLECTRONIC MAIL—ASIA

I‘ulu\t 11l market area = dofs anchet opporcunity estends o'odtrondie matl

to the Asban the ttery and between AsTy/ULS and Act M larope/Arrica,
Respeoasible asency: loreipn government (Japan) or consortfum

Assumptions/pround sulos/Thmit tions - See No.o 8, FPlectronke Mall—

turope/Miuicey,

+

Cost data = Cont data were estimated by ovelopy to Noo 2, BEledtrond

Madl—USA, A Bn Noo 8, Flecttondco Mail—turape/Ary fea, the cost of pround
stations was nel estimataed.  Sce No. 8 for cost data,

Saetem acquesation fundlag requiv.ments (1977 $4)
TOIAL 1984 1985 198w 1987 198 1989
207.8 1.50 33.16 64,94 65.06 31.60 6.29

16. POCKET TELEPHONES—-ASIA

Potentdia] market arer = This anchor opportunity {8 an extension ot No, 3,

Pocket Telvphone —USA; and No. 9, Pochet lelephones—Lurope/Africa to the
"Asian arca. It also connects Avian countries and countries served by the two
former opportunities. -

Responsible apeney - Foredgn poverament  (Japan}-or consort fum

o

Assumpt fona/grownd tules/limitaty me - See No, 3, Pocket “elephones

—LUSA.
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Cest data - Coat estimates were derlvad by analogy to No. 3, Pocket
Telephones—USA. See No. 9, Pocket Telephones—Europe/Africa for cost data.

Systuom acquisition funding requirements (1977 SM)
TOTAL 1985 1986 1987 1988 1989

261.9 2.94 64.14 116,96 -65,22 12.64

17. ELECTRONIC TELECOMMUTING

Potential market arca - In a number of service industries, form (paner)
processing is the major activity. In this anchor opportunity, the paper
processing operarion would be decentralized into nedghborhood centers that are
electronically linked to a central computer. Thereby, paper-processing employees
would not nced to travel to central (downtown) office facilitfes with resultant
savings i{n time and gasoline. The service companics would also benefit by having
the work done in lower-cost facilities. Widespiead implementation of telecommu-
ting would necessitate a dedicate space payload to link tne form-processing
centers with the central computer(s).

Responsible agency - Commercial

Assumptions/ground rules/lim{tations - A description of this concept may
be fournd in an edrlier section, Service companica employing telecommut ing
would lease caparity on a continulng, permanent basis,

b
® Space operations - The antenna and electronic puck@gcs wery
assumed to be emplaced on the geosynchronous platform.

® ¢i1ound operations - Both the paper processing centers and the
computer centers would have antennas and interfacing clectrn-
ics. [lach paper-processing center would have many CRT terminals
—~all connected to a remote computer via aatellite relay.

Cost data ~ Cost estimaten of the space segment were derived by analogy to
No. 5, Businesa Systems Data Transfer—USA. The ground degrent cosl data apply
only to the mission control/system management c:ntet.

9 Ncn-recurring cost (SM)

Space segment 150.0
Ground scpment
Transportation to LIO (1/2 Shuttle) 11.0

W
o

Total 166.0°
® Annual operating costs ($M)

Space segment 6
Ground segment 10

o ' /
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Initial cost of CRT consoles was estimated at $1000 each. The cost of
interfacing electronics at the processing center wns estimated to be $50,000
and at the computer center, $30,000,

[N

System acquisition Ffunding requirementa (1977 S$M)

TOTAL 1985 1986 1987 1988 1989 1990
166.0 1.20 26.65 55,90 51.98 25,24 5.03

-

18. DTRECT BROADCAST EDUCATIOMN-—ASIA

Potential market aieqr - This anchor opportunity {8 an extension of
No. 4, Dirvet Broadeast Pducatfon—=-USA, to the Asilan area.

| ;
Respons ible agency - Foredgn government (Japan/China/India) er consortium

Assumptions/ground rules/limitatlons - See No. 4, Direct Broadcast Educa-
tion=—=USA. 1he five TV channels would be allocated among the nations procurinp
thoe system,

Cost_data = Sce Ko, 10, Dircet Sroadeast Fducation—Europe/Africa, for
cost data,

System acquisitton funding reguirements (1977 $M)

TOTAL 1986 1987 1988 1989
198.9 J.14 66,45 75.23 14.08

19. BUSINESS SYSTEMS DATA TRANSFER-—ASIA

Pot ential market area - The same drivers which justified the U,S. and
Envopean/African versions ot this anchor opportunity would mandate its lustal-
latjon fnto the Aslan arcva,

Responsible agency = Foreipn government consorcium

Assumptions/pround rules/liritations - See No. 5, Business Systems Data
Tranafor—USA.

Cost dera < Sce Noo 12, Business Svstems Data Transfer—Furope/Africa

for cont data.

System_acquisition tunding requiremeats (1977 SM)

TOTAL 1986 1987 1984 1949

132.2 2,62 55.30 62,58 11.70
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20. ELECTRONIC TELECONFERENCING—ASIA

»Potentia] market area - Much of the time and cost required for travel to
the Orlent for busineas meetings could be saved by a teleceonferencing link to
the Aslan azea. Furthermore, intra-Asian teleconferencing would likely be
justified by @4990. This anchor opportunity would complete a world-wide relevcon-
ferencing network through Numbers 6 and )3, Electronic Teleconferencing=—USA
sud ——Europe/Africa, respectivel;,

Responsible agency - Foreign government consortium

aAssumptlons/ground rules/limitations - See No. 6, Electrunic Teleconfer-
enclng—USA.

Cost data - Sec lio. 13, Electrunic Teleconferencing—Furona/Afriza for
cos. data. -
Syatem acquisition funding requirements (1977 $M)
TOTAL 1986 1987 1988 1989
91.6 1.81 38,31 43.36  8.12

2l. NATIONAL INFORMATION SERVICES

Péteng}al market area - The cost of stering data electronically is rapidly
approaching the cos. of storage on a printed page. LIxtrapolation of this truend,
coupled with the problem of providing space in ilbraries for the bools and
journals printed every year, indicates & possible solution in electronic storage
of boo%s and journals. This storage mcde would enable computer search and
retrieval of data from a major repesitory, such as the Library of Congress.
Expe: {ence with the more than 200 compurer-based commercial data tiles that
can be remotely searched will facilitate design and development of a national
data retrieval system.

Responsible agency - U.S. Government (e.g., Department of HEW) agency,

Asgumptions/ground rules/limitations ~ A home CRT termins] or the cquiva-
ient would be required for Interactive dialogue with the date searching computer.
Charges would be based on the duration of the hoolup,

9 S;dce operations - Anternas and electronics for relay were assumed
ty be emplaced on the geosynchronous platform.

@ Jround operations - Elther ~ommercial telephone lines, cable to a
transmitting facility, or hom! antennas for satellite 1elay, could
be used to link the home units with the computer.

Cost data - Cost cntimates were derived primérily through CFR's applied
to system specifications and by analogy té No. 3, Personal Communications—USA.
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® Non-recurring cost (§M) ‘

Space segment 313.5
Ground scgment 91,0%
Transgportaticn to

LEO ° _21.8

Total 426.3
© Annudl operatirg cost (SM)

Space segment 6.0
Ground svpment Ak

S
The fnitial cr st oﬁ»Lho interactive tome terminals wag vstimated to be on
the order of $000,

Systum acquisition funding requiremenzi (1977 $M)

TOTAL. 1987 1988 1989 1990 1991 1992
426,3 3,07 68,42 143.59 133.49 64.82 12,91

22. LANDSAT D

.

Potential market area - Landsat D, scheidnled to be launched {n 1981, was
included as an anchor opportunity bhuecause of the highly beneficlal (cemerci-
ally) data anticipated from ite advanced sensors.

Responsible agency - NASA

Assumptions/ground rules/limitations - Although designed for a seven-year
life, a ten-year operational life was assumed becausé of the extended lifet imes
of its predecessors, Furthermore, it was assumed thdt Landsat D would not be
renlaced because the several speclal-function satellites would be routinely
providing earth surface data in approximately 28 spectral frequencies, which
is several times the capability of Landsat D,

® Space operations - landsat D is a single, dedicated spacecraft,
and will provide an 18-day repeat overflight cycle,

® Ground operations - Faclilities, currently belng expanded, for
receiving and processing Landsat data were assumed to be ade-
quate for Landsatl D.

*Includes tost of computer and conversfon of high-use ftems to electronic
storage and development of author royalty roimbursement system,

*%#Annual uperating coats of Lirrary of Congress facility were not Included
because a detalied analysis would he required to determine whether the
proposed system would result in Incredsed cdosts, ,
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Cost _data - The basic source of the cost data was budget hearings,
Because the hearings data were not divided into space segment and ground seg-
ment, only the lumped sum was uased.

® Non=recurring cost (SM) - 128.8
© anual opcerating cost ($M)- 10.0

Syastem azcjsizition funding requirements (1977 $M)

TOTAL 1960 1981
128.8 97.5 31.3

23. SEASAT B

PoLential market area - If the substantiol benefits anticipated from
Seasat A matcrialize, then a more frequent overflight cycle will be desired.
Seasat B waas included because its addition would cesult in doubling the {ve-
quency of sea condition observations.

Reaponsible sacicy ~ NASA

Assumptionsa/gencral rules/limftations - Acquisition of Seasat B was
asscned to begin in 1980. The satellite was assumed to have a 1C-year life,

® Space operations - Seasat B was assumad to be a single, dedi-
crated cpacecraft. Seasat B would use Seasut A'a mission contcol,

® Ground operations - Attainment of maximum commercial benefitsa
from the Seasat A and B system was assumed to require expanded
ground facilities for more rapid data analyais and dissemination.

Cost data - The source oi Seasat B cost data was Seasat A budget
hearings. !

® non-recurring cost ($M)

Space segment 73.0

Ground segmen* 10.0

Transportation (non-Shuttle) 13.0
Total 96.0

® Annual operating cost ($M)

Space segment —

Ground sgegment 10.0
Total 10.0

System acquirition funding requirements (1977 $M)

TOTAL 1980 1981 1982 1983 3B 18
GINAL PAG
96.0  1.90 40,16 45.44 8,50 %%.1?003 QUALITY
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24, OIL/MINERAL LOCATION
\’..

Potentfal market arcva = This ancher opportunity consists of a dedicated
satellite similar to Landsat D, but with sensors esprcially selected for the
dstection of ofl dad/or mineral deposfts (f.e¢., tar sands, lignite, peat, etce.).
CL1l deposits mipht be soupht by detecting ofd-tovealing slicks floating on sur-
face water afcer ralns In sparsely inhabited regions

Responsible agency - NASA; this would be a developmental satellite to test
feasibility of concept.

Assumptions/general _rules/linitat fond - The spacecraft Is assumed to have
a tensyear Life. Althouph total carth coverage should be attalnable (with minor
excoptions) within several years, the occurrence of unique conditfons easential
to mineral detection weuld take lonper (v.p., 0ll slicks on snow melt runoff).

® Space opurdtions - The spacecraft was assumed to be a single,
dedicated ratellite,

® Ground operations - Additfonal data processing and mission
control facilitfces were assumed to be required.

Cost_data - The cost estimates were derived by analogy to Landsat D,
i
O Nunteroourring Co«r (8M)

Space segment 180.0
Qround sepment 10.0
Transportatfion (Polar—1/2 Shuttle) 11.0

Total 201.0
@ Annual operatimg cost ($M)
Space bepment —-—

Cround sepment ’ 10.0

Tatal 10.0

System acquisition fundfiig requirements (1977 $M)
TOTAL 1981 1982 1983 1984 1985
201.0 2,28 40,22 &5.7e 50,06 9.69

25 WATER RESOURCL MAPPING AND DYNAMIC SYSTEMS—2A

N Potent {al market drea ~ Water management 15 becomirg increaslogly recop-
nized as a critical government functicn, Demands on water resources need to
be balancued for optimal beneffc. This anchor opportunity would provide bastic
dara for waler management on natlonal, reglonal, state, and local tevels.

Rcsnonqjhﬁu ageie vy = U8, Government (e.p., Department of Agriculture
or Depirtment of laterior) agency, :

198
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Assumptions/ground rules/limitations - Approximately seven sensors, sensi-

P tive to spectral frequencies related to water detection and flow monitoring,

3 were assumed to be carried on the space payload. The payload wvas assumed to be
3 mounted on a common polar platform (Platform A—No. 56—would give 18-day repeat
coveruge) along with several similar payloads that are ottaining data on identi-

; cal target areas, but in other spectral frequencies. A description of the pclar
. platform can be found in another section of this report. The "A" in the ritle

signifies the first of three identical payloads (A, B, and C), spaced to give
eix-day repeat coverage,

9 Space operaticns - The pavioad antennas, sensors, and clectronic
package would be emplaced (prior to lauuch or by the Shuttle) on
a polar (sun-synchronous) platform. Data would be relayed via
TDRS tec a ground receiving station or to an orbital data process-
ing facility (see No. 55, Low Earth Orbit Base).

® Ground operations - Dedicated gicund facilities vere assumed for
data analysis and rapid dissemination,

Cost_data - Cost estimaces were generated by analogy to the Landsat D
costs, ‘

© Non-recurring cost (SM)

Space segment 60.0
Cround segment 5.0
Transportation to polar orbit (1/2 Shuttle) 11.0

Total 76.0

® nnnual operating cost ($M)

Space segment (Platform A) 2
Ground segment J0

Total 12.0

Syestem acquisition funding requirements (1977 $M)

TOTAL 1982 1983 1984 1983 1986
76.0 0.85 18.61 33.94 18.93 3.67

26. TOPOGRAPHIC MAPPING

Potential market area - Planning for efficient transportation, irrigation,
and resource development';équires accurate topographic data. Conventional means
for acquiring these data are many “imes more expensive than their acquisition
via satellite. The Stereosat, deecribed fn the February 21, 1978 issue of
Defense/Space Daily (p. 273), is similar in many vespec.s to the conicept envis-
ioned in this ancnor opportunity

N -

Responsible ageacy - NASA (because satellite is basically devclopmental
rather than operational).

.
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AssumpLirns/ground rules/limitations ~ The spacecraft was assumed to be a
single-purrose, dedicated satellite., Data from the satellite would be relaved
via TDRS to a ground station or to a data processing statfon {n low carth orbit
(sce No. 55, low Larth Orblt Base). Techniques are being refined for direct
development of topographic maps through computer processing ot the data,

® Space operations - A ten-year 1ife was assuacd for the satellite,
Qtorvos:upis data would be obtalned for predetermined areas by
prngrammlng of the satellite operations,

® Ground operdations - Mtomated computer-controlled, topographic
map-mah{ng machines would be used to produce maps from the
gatellite data,

Cost data = Cost estimates were Jetlved by analogy to Landsat cost data.

® Non-rewurriily cost (SM)

Space sepment 180.0
Ground segment 10.0
Transnortation to polar orbit (1/2 Shuttle) 1..0

Total 201.0
® Arnual opcrating cost ($:H)

Space sepmeng —
Ground segment 10.0

Total 10.0

System acquisition funding requirements (1977 $M)

TOTAL 1982 1983 1984 1985 1986 1987
201.0  1.45  32.26 67.70  62.93  10.57  6.09

27. WATER RESOURCE MAPPTNG AND DYNAMIC SYSTEMS—B

Potential market arca - This anchor opportunity is an ndjuLLL to No. 25,
Water Resource Mapping and Dvnamic Systems—A, This is the sccond of threc
payloads spaced 80 as to give six-day repeat (overage., It follows Platform A
by .two years,

Responsible ageniy - See No. 235,

Assum ptzun»/rruund rutes/limitations - See No. 25. Ground scgments estab-
1tshed for No. 25 are ueed he.c without any additicnal cost. Polar Platform B
{s No. 59.

Cost _data = Cost estimates are gencrated by analogy to Landsat D costs.

L
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S Non-recurring cost (5M)

Space segnent 60.0

Ground 'segment —

T-affsportation to polar orbit (1/2 Shuttle) 11.0
Total 71.0

® annual operating cost (SM)

Space segment (Platform B) 2.0

Ground segment —_
Total 2.0

System acquisition {unding requirements (1977 $M)

TOTAL 1983 1984 1985 1986 1987
71.0  0.80 17.40 31.69 17.68  3.43

-

28. CROP MEASUREMENT—A, B, C

Potential market area ~ Attempts at forecasting key crup harvests based
on Lands?t A and B data have been very encouraging. Large Area Cfop Inventory
Experament (LACIE) and other programs are verifying the feasibility of crop
measarement by satellite. This anchor opportunity produces worldwide fore-
cas:s of crop yields—thus facilitating gencratlion of prudent agricultural
policies.

Resﬁonslble agency - U.S. Government (e.g., Department of Agriculture) agency.

Assvmptions/pround rules/limitations - aAppreximately seven crop detecting/
resolvirr sensors are integrated in each of tnree identical payloads. The
three payioads are mounted on Polar Platforms A, b, and C (Numbers 56, 59, und
60, respectively). A descriprion of the polar platform can be found in another
section of this report.

® Space operations - The three payloads are equally spaced in a
common sun-gynchronous orbit so that repeat :overage is obtained
every six days. ~

© Ground operations - The acquirea dota would be analysed by com-
puter and crop forecast~ developed and updated for key vrope on
a worldwide basis; the data wonld be disseminated internationally.

? Cost data - Cost estimates were obtained by analogy to the Landsat D
cost data.

® Non-recurring cost ($M)

Space segmert 180.0 B
Ground segment - 5.0
Transportaticn™o polar orbit (1 Shuttle) _21.8
Total 206.8 OQRIGINAL PAGE%:
1
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® Annual operating cost (S$%)

Space sepment (for three payloads) 6.0
Ground segment o 10.0 )
Total 16,0

System acquisition funding requirements (1977 $M)

TOTAL 1983 1984 1985 1986 1937
, 20L.8  2.32 50.65 92,36 51.49 9,96

29 GLOBAL EFFECTS MONITORING—A, B

Potential market area - The U.S. Weatler Burcau i1s gradually increasing
the accuracy nd range of 1ts forecasts, Acquisition and interpretation of
key data are essential to tne continuation of this trend. In this anchor oppor-
tunaty, magnetosplieric data plus othoer data are acquired by paylcads attached
to Polar Platforms A and B in Hun-SYhCthﬂOUb orbit, These data are integrated
with data from other sensors (e.p., in geosynchroncus orbit and on qpace sta-
tions) to cnable improved longer -anhv weather fores asts.

Responsible amency - U.S. CGovernment (e.g., Department of Commerce)
agency.

Assumptions/ground rules/limitations - These payloads are in a grey are~
between scientific resecrch and commercial opplicaticis and are included as an
2achor opportunity bectuse of the highly beneficfal impacts that would result
from even a marpginallyv improvea weather forecast'ng capability. .

® gpace operat.ons - Data acquired by the two payloads (120 deprees
apart)- are relayed via TDRS to ground scations or to a space base
in low zarth orbit (sce No. 59) for processing prinr to earth
relay

® crourd operations - Data would be fed into a weather modeling
computer. Because weather modeling computers already exist,
neither havdware nor software costs were included.

Cost_data - Cost vstimates were derived by analeey to Landsat D cost

-t

data.

@ Non-recurring cost (SM)

Space sepment (two pavloads) 120.0
v Ground scpment 5.0
Transportation to polar orbit 21.8
Total 146.8 : -
® innual operating cost (SM)
Space sepment (two platforms) 4,0 )
Ground segment. 10.0
Total 14,0
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System acquisition funding requirements (1977 SM) -

TOTAL 1983 1984 1985 ?66 1987
146.8 1.65 25.95 65 156 2. 55 7.09

30. WATER RESOURCE MAPPIMG AND DYNAMIC SYSTEM—C

Porential market area -~ This anclor opportunity 1s part of Numbers 25
and 27! water Resource Mzpping and Dyn-mic Systems—A and —B, respective‘y.
It is the third of three payloads spacad 120 degrees apart in a common sun-
synchrqnous oroit so .s to prosidc six-day repeat coverage. I¢s acquigsition
follows the B-paylcad acquisitio» ty o1e year.

|
Resporsthdewpanwes «-See No, 25.

Assurptions/pround rules/limiinticns - See Numbers 25 and 27.

Cost data - See No. 27.

|
System acquisition funding requirenents (1977 SM)

TOTAL 1984 1985 1980 1987
71.0 1.oG  29.69 35 62 b.29

31. OCEAN RESOURCES 4ND DYNAMIC SYSTEMS—A, B, C

Fotential market area - Based on d<ia acquised from Seasats A and B,
Landsat D, and other satellites, 1infornarion w.ll be avarlable for the develop~
ment of payloads designed to detect major schecols of fish and krilli-rich areas.
Compilation and analysis of oceanic data will enable more efficient fashing
and, possibly, management of fish resources.

'

Re§26n51ble agency - U.S. Government (e.g., Department of Commerce) agency.

Assurptions/ground rules/limitations - Fach of the thrée identical payloads
was assumed to contalr aprroximately seven sensors that operate at spectral fre-
quenciles selected so as to provide discriminatory Aata to enabl« detection of
schools of fish and kriil.

© Space operacions -~ The three sayloads are mounted on platforms spiced
120 degrees apart in a pola: (sun-synchronous) orbit, so as to provide
rapeat coverage every six days. Data are relayed via TDRS to ground
stations, or to a data processing facility in low earth orbit (see
No. 55), for relay *v carth. -

Ground operations - [he ley function to the ground operations is to
Jisseminate data to fishing fleets that have contracted for the
service. .

Cost data - Cost estimates vere ygenerated bv zualogy to Lardsat D data.
s T ote & v 119 4
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@ Non-recurring cost ($M)

Space segment (three payloads) 180.0 -
Ground scgment 5.0
Transportation 21.8

o Total 206.8
@ Annuzl operating cost ($M)

Spave segment (three platforns) 6
Groand segment 10.

=- Total 16.0

System aéhulsttlon funding regquirements (1977 $M)
. TOTAL 1584 1985 1986 1987 1988
206.8 2,32 50.65 92.36  51.49 ~—o9i93

32. MICROWAVE RADIOMETER

Potential market area - A large microwave radiometer will provide data
which, when analyzed and combined wien Guca [zo™ other sources, will yield
unique clucs to petentially vatuable roscurces, ’

Responsible asency - NASA

Assumptions/ground rulus/limitations - Lne spacecraft was assumed to be
a singlic, dedicated satellare. Because of the ground resolution desired, it
wovid' be very large. Design Jdata and specifications of the satellite are
described in another section of the report. »

© Space operations - 1he satellite would beé in 2 relatively low-
altitude, high-:nclination (polar) orbit. Data would be
relayed via TDRS to a ground station, or to a data processing
station in low carth orbit (sce No. 55). The satellite would
provide repeated ground coverage every 18 ta 20 days.

® Ground operations - Time-sensitive cata, suach as iceberg loca-
tzon, would be quickly foirward.d to the U.S. Coast Guard. Data
not time-sensitive would be unalyzed and resuics provided to
requesting ageacies andsor .customers.

Cost data - Cosl estimates werc derived primarily from CLR's applicd to
preliminary design specatications.

© Non-recurring cost {$M)

Space segmeat 717.7
Ground scgment 10.0
Transportation 173 0

Total 900.7
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@ Annual operating cost (SM)
Space segment -
Ground segment 10.0 .
Total 10.0

System acquisition funding requirements (1977 $M)
'TOTAL 1984 1935 1986 1987 1938 1989
900.7 6.49 144.57 303.35 282.04 136.95 27.29

33. LUKNAR ORBITER

Fotential narket area = 1he lunar orbataer $s a forerunner o! missions

~zreadting Lo the possable establishment of a manned lunar coluvay after the
turn of the century.

ReqnnnS\hlc agency - NASA

Assumptrons/ground rules/limitations - The lunar vrbiter was assumed to
pe similar to Landsat Do It would be placed iw a polar lunar oro:it from
which 1t would map lunar reseurces. Sufficient data storape capacaity would
be provided so that data acquived while on the back side of the moon could
be compressed, stuted, 1 =ent to earth simultancousl)y with the transmission
of data beinr acquired on the tront-side pass. Lo pavieoad would carry about
seven scnsors, coch responsive to a difiev:nt spectral frequency.

® space operatieons - The lunar orbiter was assumed o draw opon
hardware developed for the 1960's lunar orbiter, the Viking
orbiter, and the Landsats. 1ts RCS system would enable it to
lower its orbic altitude and go into an alternative (high-
speed, nharrower width) scan mode in order to provide substan-
tially‘pxghcr resolutijon of sites of Intercat.

® ¢round operations - Data would be relayed via IDRS to a sround

station for processing and aralysis.

Cost data - Cost cestimates were generated by analogy to Landsat D cost

data.

® Non-roecurring cost (SM) )
Spacy seoment 180.0
Cround segmeat a.0
Transporzation (HLLV + 2 1US's) 155 ) .

Teral 20R.€

® Annual operating cust {S¥) .
Space segment ‘ - % ape s
C‘;ound- s=prent 10.0 CRIGINAL PAGE 15

'
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Total | 10.0
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Svstem acquisition funding ~equirements (1977 $M)
) TOTAL 1985 1986 1937 1968 1989
208.6 2.34 51.09 93.17 51.94 10.06
34 RIGH- RESOLUTION RESOURCE SURVLY
catentfal warket area - Resource sarvevs {)y Lanegsat D arce limited by &
resolution canability on the order of 100 feet, Certain mineral outeroppings
or cthur resoutce indicators may be overlooked at that resolutfon., Tofls
anchur opportunity ncotporates a satellfte with a resolving capability on
the order ot 25 fect to searen 1o exploitable cosou cos.
Reponsable apency = NASA
Assumpt fonsferound toles/Timdtatione = The satellite was assumed to be o
sinale, dedicated spacecratt placed vnto sun=synchronous orbit, and equipped
with appronimately sevent sensors,
@ wpace oporations = A 7= ta 10-vear sateliite lifetime was assumed.
Repe it vreund coverage <ad assumed to occur every 18 davs. The
data rate would be about 16 tmes that of Laadsat D. Conceidvably,
Laser communicat jons wonld be used. Data would be retayed via
FDRS (or a taser version by 1890) to a Jdata processing statfon in
tow carth orbit (sce No, 595,
® Lround oferaticas, = Mussion (‘mntm] wag assumed to program the
satel T ites! operational ovoles. Data would be processed by
facilttfe, added to those of the landsats.  Dedicated computoers
, would Lo requited tor the analvses, !
Cost datr = Cost estimates vere derdved by analogy to Landsat b cost
data.
© Non-rocurring cost (3M)
Spuc e segment 180.0
Grount segment 10.0
Transportation to polar orbit
(1/? Shuttle) _11.0
Total 201.0
@ \nnual operiting cost ($M)
CSpace sogment —— )
Ground segment 10.0
? Total 12.0
System gcquisition funding requiiements (1977 SMY
TOLAL 1986 1987 1988 1989 1990
‘ 201,0  2.2%  49.22  «2.7% 50.06 9.u9
3
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35. HIGH-RESOLUTION RADAR MAPPING

Potential market areca - Those regions thar are usually cloud-covered, or
which were impossible to map by satellite or airborne systems, would be mapped
vy Tiyiar in this anchor opportunity. An imaging radar (synthetiz aperture)

with some on-buucl processing was assumed which would provide ground resolution
on the order of 50 feet. '

Responsible agency - NASA (because of the develupmental rature of the
satelilite).

Assumptions/pround rules/lim{totions - The radar-mapping sat-llite was
assumed to be a single, dedicated spacecraft in polar orbit.

% Spice opurations - During pre-programmed operational periods, data
would be transmitted 1= real time via IDRS to a ground station or
to a data processing statton in low carth orbit (see No. 55).

® Ciound operations - Because of a large depree of standardization
fn the recerved data, pround computers would readily analyze the
dat1 and gererate maps.

Cont_data - Cost data were pencrated by extrapolatior from other satel-
lige COotw,
@ von-rocurring coct ($M)

Space segment 270.0
Grouna segment 10.0
Transportation tuv polar orbic 21
Total 301.8
® Annual operating cost (8M)
Space segment —
Groand segment 10.0

- Total 10.0

System acquisition funding requirements (1977 5M)

FOTAL 1986 1987 1988 198 1990  199I
301.8 2,18 4B.45  101.63 ©4.50  45.90  9.14

36 - LUNAR UNMANNED EXPLORERS

Potential market area - Pollowing tle lunar orbiter (No. 12), lunar
unmanned o plorers (rovers) weuld be sent to the lunar surface to confimm
lunar orbiter data and to exvlore likely sites for manned sclientific and
mincral-processing colonies that mipht he established In the late 1990°'s »m
early 2000's. ’

Responsible arency - NASA
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Aagsumptions/ground rules/limita.ions - The lumar <xplorers were cgaumed

to be a combination of the lunar roving wcolicie (LRV) frem the Apollo program
and tha Viking with some tele~rc.aclon-type capability.

[N

® Lur=:" sperations - A traverse distance on the order of 50 miles
(per battery set) was assumed. Two additional battery sets
were assumed to be stored at the landing site.

e q:aund operations - Communications with the unmanned explorers

%oulu be maintained through ground stations linked by earth
satellite relay to a central uission control.

Cost data - Cost estimates were obtained by analogy to former space pro-
grams and assumed a substantial legacy from them.
!

® Non-recurrung cost (3}

" Lunar segment 300.0
Cround segment 10.0
Transportation (HLLV + OTV) 42.8

Total 352.8
® Annual operating cost (M)

Lunar segment -
Ground segment 10.0
Total 10.0

System acquisition funding requirements (1977 €M)
TCTAL 1989 1990 1991 1992 1993 1994
352.8 2.54 56.63 118.83 110.47 53.65 10,09

37. ISOENZYMES (SPACE BASE FACILITY)

Potertial market area - This anchor opportunitv is rnprﬁsfntative of
pharmaceutlcals to be produced in an orbiting svace base [acility.

Resgpongible agency - Commercial

Assumptions/ground rulea/limitatious - This anchor opportunity was arsumed
to be representative of pharmaceuticals that, while life-saving, would ne: " to
be produced in relatively small quantities. Consequently, It was assunmed aa.
the product(s) would be produced at the medical and genetic research faci' .ty
\see No. 50) by its gereral-purpose equirment. Consequently, the cost of
acquiring the facility was assumed tec be divided equally between this anchor
opportunity and No. 50, Medical and Genetlc Research

® Space operations - Coats of space operacicns include transporta-
tion of .materials for processing plus costs thit are reflective
of the man-hcure required and equipment use ckarges. Less than
12,000 15 of pharmaceuticals were assumed to bhe produced per year.
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8 Sround operations - Upon return to earth, the processed
phaimaceuticals were assumed to enter conventional product
Qireams; therefore, no additional out~of~pocket costs
assesasable to space processing were assumed.

Cost data -oCost estimates were derived from recent space base and
- laboratory studies.

® Jon-recurring costs, $M (1/2 of actual totale—see No. 50)

Space segment 100.0

Ground segment - 5.0

N Transportation 11.0
Total 116.0

® snnual operating cost ($M)

Space segment 7.0

Ground segment -

Total 7.0

Systém acquisition fundins, requirements (1977 §i1)

TUTAL 1982 1983 1984 1985 1986
116.0 1.30 28.42 51.80 23.88 5.60

38. UROKINASE
39.. IWSULIN

>

Porential market area - These two opportunities were assumed LG be
repr ~z2ntative of those pharmaceutfcals that would be required in Large quanti-
ties ..nd thereifore would be produced In dedicated facilities (mudules) attached
to a space base.

Responsible agency - Commercial

Assumptiors/ground rules/]imitations - Approximately 530,000 1b of cach
of the two products were assuacd to be produced per year. Logistics missions
that would require one fourti of the Shuttle capacity for each product were
assumcd to occur avery three months, |

® Space operations - Periodic maintenance by space station
personnel was assumed to be required, and man-hour charpes
for these scervices are {ncluded in the cost data as are
the charges for enesgy consumed.

-~

© Giound operations - No charges for ground operations were
assessed because, upon return to eartn, the processed
pharmaccuticals were assumed to enter conventional product
stre2ams.

s 1
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Cost data - Cost vstimatus were derived from space station srudies which
included data on space processing modules. The follawing data are applicable
to both No. 38 (Urokinase) and No. 39 (Insulin).

@ ,on-roourring cost (sM)

Space segment 200.0
Cround sepmuent ©5,0
Transportation 21.8
Total 226.8
? Annual operatimy cost ($M)
Space segnent 7.0
Graun. ! 3epment -

Tota! 7.0

System acguisitien funding requivements (1477 $M)

TOTAL 1983 1984 1985 14986 1987
26,8 2,54 55.55 100,29 56,48  10.94

40A LARGL CRYSTALS (NASA PROCESSING FACiLITY DEVELOPMENT * ,

potentdal market area = This anchor opportunity is divided into the NASA-
funded developmont of a penctic space processing facility (No. 40%) and the
actual production and cquipment of procesqing facilities with unique prozcesing
hardware (Nuabers 40B throuph 47).  The cceonomte merits of processing the elght
inorgantc products shown have wot been proven.  ‘The products should be viewed
as representative of those whose ceonomic Justificatfon will be established by
Spacelab expoerinenta,

Respenaible agency - NASA

essumpt fons/pround rules/Hinitations -~ The space processing factlity was
assumed to be a tree-flying sarellite constru ted arownd a ground-modif fed
expended Shuttle enternal tank (IT). Desipgn data and specif ications ore dis-
cussed it another section ot this repere,

@ space operations = See followlng space processing opportanity.

e cround vperatiuns = See followny space processing opportunity,

Cost data - Cost ostimites for th development of the facility were
derlved primarily from CIR's applied to preliminary design specifications.

@ Acn-recurring cost ($M)

Space scgmert 213.2
- Ground scgment 5.0
Transportatioa (not applicable) -

o

Total 218,

#ln this study NASA funds wcre assumed, however, in this or any of the oppoz-
tunities, commercial iwading may be {orthecoming and precipitare a joint oz
striccly commercial ventuie. )
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® Annual operating cost - Not applicable

System acquisitior funding requirements (1977 $M)
TOTAL 1981 1982 1983 1984 1985
218.2 2,45 53,44 97,43 54.34 10.54

40B. LARGE CRYSTALS

41. SUPER-L/RGE-SCALE INTEGRATED CIRCUITS
42, NEW GLASSES

43 HIGH-TEMPERATURY TURBINE BLADES

44, HIGH-STRENGTH PCRMANENT MAGNETS

45, CUTTING TOOLS

46. THIN-FILM ELECTRONIC DEVICES

47. CONTINUOUS RIBBON CRYSTAL GROWTH

Porential market area - These anchor opportunities are considered tvpical
of those whose on-orbit production will be found to be economically viable
based on Spacelab experiments. Of the 150 space processing experiments com-
riled by the West German povernment, it was con%idered reascnable that five
perceat would result in the establishment of full-scale processing {facilities
in orbit.

Responsible agency - Commercial—corporations or consortia would fund
" production and operation of the facilities,

Assunotions/ground rules/limitations ~ Lach manufacturing facility would
be ¢ dediczr:z? fréee-fiyer, based on the external tank. All of the anchor
opportunitirs would require large amounts of ene-gy, even assuming significant
recapture of waste heat. Approximately 50,000 1b of material w:s assumed to

“= " be processed annually by each facility.

® spick operations - The facilities were assumed to be iocatcd in
low~&ncllnation earth orbit., Batteries (charged by over-sized
solar panels during sunlit passages) were assumed to ﬁrogide
powcr during earth-shadow passage. Logistics flights were
assumed to occur every three months.,

.round npcratzoné - A centralized mission control and satecllire
monitoiin,, facility was assumed. Its costs woule be shared by
the users, No ground processing costs were assessed against
ground operations because it was assumed that the material woald
enter conventisnal product streams.

{ost_data - Cost estimates were derived primarily by CER'c applied to
design data. The following cost data apply to ecach ¢f cthe elght opportunities:

1

9 Non-recurring cost (S$M)

Spake regment 126.5
Ground scpment . 1¢ O '
Trausportation (six Shuttle flights) 130.8 ORfGlNAL PAGE I=

- Total  267.3 OF POOR QUALITY
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@ Annual operating cost (3M)
Space segment 2.8
Ground sepment 2.0
° Total 23.8
System acquisition funding reouirements (1977 $M)
OPPORTUNITY
NUMRER 10TAL 1981 1982 1983 1984 1985 1986 1987
408 262.3 2.94 64.24% 117.14 65.32 12.66 -_— —
4]
42 267.3 3.00 65.47 119.36 66.57 12.90 - —_
43
44 -
45 267.3 —_ 3.00 65.47 119.36 66.57 12.50
46
47 } 267.3 —_ —_— 3.90 65.47 119.36 66.57 12.90

48A. SOLAR POVER SYSTEM DRVELOPMENT (NASA PORTIONS

Potential market arca - Relatively large amounts of solar-derived erergy
will be required by 1 number of NASA programs. In addition, several NASA
programs will entail the construction of large space structures. Thercfore, the
cost of development of that portion (minor) of this anchor opportunity, which
substantially applies to other NASA programs, was assumed to be borne by NASA.
The major portion would be borne by the Department of Energy (sec No. 48B).

Responsible agency = NASA

Assumptions/ground rules/limitations - Develormiurs related to the beam
machine, which werld be required for the constructio: of scveral NASA large
space Structures, were assumed in this anchor opportunity.

® Srace operations - The space opurations consisted of a Shuttle
test demenstration flight (assumed to be successful).

® ¢round opcratiop., - No 7ontinuing ground operations beyond the
development ohase were assumed,

Cost data + Cosl estimates were derived by analogy to system/costs from
in-house studies of the construction of large space structures.
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© Non-recurring ¢ost (S$SM)

Space sepment 20.0
Grourd segment 5.0
Transportation ° 21.8

Total 46.8

©® Annual operating cost - Not applicable

System acquieition funding requirements (1977 $M)

TOTAL  198C 1981 1982 1983
46.8 0.93 19.57 22.16  4.14

A8B. SOLAR POWER SYSTEM DEVELOPMENY (DOE PORTION)

Potential market area - The jurpose of this anchor opportunity 1is to
develop and demonstrate all of the key technology that would be required in
the construction of large solar power systems in geosynchronous orbit. Under
the bascline Plan B, this activity needs to be completed before 1987 in order
that the decision whether to proceed wi:h the construction of an SPS can be
pade on sound economic data in 1987.

Responsable agency = U.S. Covernment agency (Departmen. ot Lnergy)

Assunptions/ground rules/limita:c . ons - The SPS was assumed to be photo-
voltai: and based on the dzsign generated in the Rockwell SPS study. The
developmentol activicies were those identitied in that study.

® Space operations - Key issues regarding the tecimnical feasi-
biirlty nf constructing an SPS will be resolved by aemonstratlons
on orbit,

® Ground operations - Technical and economic feasibility of the
microwave-receiving ground station will be demonstrated.

Cost data - Cost estimates were derived from the Rockwell SPS study. The
total non-recurring cost of $3000 million was not categorized by space and
ground elements; therefere, the breakout 3s not shown. The "annual operating
cost" does not appliy because this is essentially a developmental program.

Development funding requirements (1977 $M)

TOTAL 1980 1981 1982 1983 1984 1885 1986
3000° 15.04 339.68 726.56 930.24 619.36 306.88 62.24

ORIGINAL PAGE I
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49. NIGHT ILLUMINATION (LUNETTA)

Potential mwarket area - This anchor opportunity results in the night
illumination of a large number of cities. As a result, large amounts of .
terrestrial energy (principally o1l tor electrieity gencration) are saved and
night-time Illunination of cities is improved.

Responsible agency ~ U.S. Covernment agency (Department of Energy)

Assumptions/ground rules/limitations - The primary justification would
be the saving of energy in the U.S, MHowever, onre a network ot Lunettas is
established, It can service foreign cities with little or no additional cost.
The basic concept is that presented by Dr. Krafft Ehricke in his May, 1977,
paper titled Space and I'moray Sourecs and presented at the UVorld Electromechan-
ical Congregs in Moscow in June, 1977.

® space operations - The nilwork consists of 24 reflectors in
cach of five orbits. These would be revisited occasionally
for refurbishment and mzinrenance.

i
@ Ground operations - A ground staiise foi network monitoring
and contvol was assumed.

Cost data ~ Cost estimates vsed were basically those presented in the
paper referenced altove.

© Non-recurring cost ($M)

Space »ogment 2,237.0
Ground segment 10.0
fransportation 500.0

Total 2,747.0

® Annual operating cost ($M)

Space sepgment 10.0
Ground segment 10.0
Total 20.0

System acquisitfon funding requirements (1977 $M)

TOTAL 31987 1988 1969 1990 1991
2747.0  31.26 672,70 1226.53 683.96 132.55

50. MEDICAL AND GENETIC RESEARCH (SPACE BASE)

Potential market area - A large varicty of unique pharmaccuticals need
to be produced {isolated or purified) 1n relatively small quantities to meet
haghly specialized demand. These could be produced in what is basically a
researcn facillty. ‘

gesponsigle agency - U.S. Government agency (Department of HEW)
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Assumptions/grourd rules/limitations - Isoenzymes (see No. 37) were
assumed to be produced on this facility which is attached to the low earth
orbit basc (seec No. 55).

o

® Space operations ~ The scientists conducting research would
likely discover new biclogical and genetic (recombinant DNA)
processes unique to the zero-g environrent. 1In addition,
they would process (extract, purify, svnthesize) pharmaceuti-
cals such as iscenzymes that are desired by wedical researchers
on earth. Transportation costs of materials were assumed to be
minimal. On-orbit man-hour costs were a major cost element.

© Ground operations - A '"mission control” center that would direct
the research program, prepare .nater:als for space processimg,
SrQEE
and anslyze results was -assumed, h -

Cost data - Costs were estimated by analogy to space base facilities,
described and costed in recent space station studies.
® Non-recurring costs ($M) (1/2 of actual total—sec No. 37)

Space segment 100.0
Ground segment 5.0
Transportat.on to LEO 11.0

Total 116.0

® Annual operating cost (SM)

Space segment 10.0
Ground segment 5.0
Total  15.0

System acquisition funding requirements (1977 $M)

TOTAL 1982 1983 1984 1985 1986
116.0 1.30 28.42Z2 51.80 23.88 5.60

51. SHUTTLE/SPACELAB

Potential market area - Tae Shuttle and Spacelab wili be the initial
source .wf a number of space benefits. Potential space applications/opportun-
ities will be tested and ver:fied prior to their fuvll implementation on dedi-
cated spacecraft. Space-produced materials required in small quantities nay
be produced indefinitely on Shuttle/Spacelab flights.

Responsible ageacy - NASA

Assumptionsg/ground rules/limitations - The Shuttle was assumed to be rhe
basic space logisties vehicle uncil the development of the HLLV and cven then -
it would remain the basic personnel transporter.

ORIGINAL PAGE IS
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® space operations/ground operations - The cost of Shuttle
operations was assessed against the users.

Cost data ~ Cost estimates were based o¢n data ertracted from NASA budget
hearings. These did not break cut the costs into space and ground segments
or transpo!tation. The total non-recurring cost (through 1983) was $2621.0
million.

Systen acquisition funding requirements (1977 $M)

TOTAL 1980 1981 1982 1983
2621.6 1127.9 777.9 446 9  268.9

52. EXTENDED-DURATION ORBITER/25-kW POWER MODULE

PorLential market area - The basic Shuttle has an on-orbit staytime on the
order of seven Jays because of power liritations. This time peried is too
short for some of thc contemplated mission payloads such as those asscciated
with the development of space processing hardware whiclt, in addition, will’
aiso require substantial electrical energy. This opportunity focuses on the
development of a 25-kW power module that would provide energy for extended-
duration Shuttle missions.

Responsible agenecv ~ NASA

Assumptions/pround rules/limitations - The 25-kW porer module, once
deployed, was assumed tu renain 1in orbit as a free-flying satellite or mated
to a payload.

3 Spacc opuerations - ‘The Shuttle would rendezvous aud dock with the
25~hkW power module for extended missions.

® Groumr opecratrons - The module would have its oun mission control
center.

Cost data - Cost estimates were based pramarily on NASA budget hearing
data.

©® Non-recurring cost (»M)

Space scgment 130.0
Ground segment 10.0
Transportaticva 21.8

Total 161.8
© Annual operating cost (SM)

Space segment -—
round seglcnt 10.0

Total 10.0

216




s =%

g J Ruckwell Intemational
! Space Divis.on

System acquisition funding requirements (1977 $¥)

TOTAL 1980 1981 1982 1983 N
1
191.‘3 3.20 67.67 76.61 14.32

53. ADVANCED TELEOPERATOR

Potertial market area - An advanced teleoperator would be required to
emplace and service paylozds on the gecosynchrenous platforms. It would also
be highly desirable for construction of the large solar array structures on
th se platforms,

Resvonsible agency - NASA

Assumptions/ground rulec/lamitations - The advanced teleoperator is
assumed to have a small propulsion package and be capable of rendezvousing,
docking, and emplacing or servicing various payloads while under grounc,
Shuttle, or space base control. Three teleoperators were assumed to be
raquired.

® Space opcrations - The teleoperator could be recovered by
the Shuttle for return to earth.

® Cround operations - Mission control would be il:nked to the
telcoperators via TDRS.

Cost data - Cost estimates were derived primarily from teleoperdator
studies.

¢ Non-recurring cost ($M)

Space segment 150.0
Groun? segment 10.0
Transportation (test flight, 1/3 Shuttle) 7.0

Total 167.0
@ annual operating ccst (SM)

Space segment —_
Ground segment 10.0
Total 10.0

System acquisition funding requirements (1977 $M)

TOTAL 1981 1982 19583 1984 1985

167.0 1.87 40.89 74.58 41.60 8.06

’
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54. GEOSYMCiR2NOUS PLATFORI—USA

Pote- tial market area - A geosyvuchronous dlatturm (GP) is required for
heusing and suppo-ting up to eight service category payloads It would be
capable of producing 500 kW; 1n case the 500-LW capability were not attainable
by 1986—uvhen the P 1s scheduled to burome operational—conceptual designs of
a smaller (100 W) plriform were generatea (sve Figure ). However, analyses
of thas platform indicated that its severely roeduced capability to supgort
wha: are considered to be ncar-minimal! operational payloads, when coupled with
a significant- loss in tle <conom:ics of scale, make the approach of questionable
wmerit. For example, while 'he 100-LW version would have only 20 percent of
the capability of the basic GP, 2t wonld we.gh 40 percent as much, resulting
ip the cost ~f its support services per unit of energy delivered beang almost
three tames that of the 5(0-kU P. Conscquently, the 103-hW version was not

considered, in the programmatic analysis.

Respensible agency - NASH

Assumptions/ground rules/limitations - Because comnon technelogy would be
required ot both the geosvnehronous platforw aad for the SPS feasibility
demonstratons, it was assumed that the Department of LCnergy cost-shared this
development (sce No. 48L). The DOL portioa was assumed to cover the DDTELE
costs of the platform. A duscription and specifications of the platform are
presented in another section of this report. ‘

€ Space operations - The plutiorm wa<s assumed to be constiucted

1n low carth orbit, initial ,ayloads attached, and the platfomm
transported to geosvncurouous orbit by three solar electric pro-
pulsicn systems (SUPS). 1L was assumed Lo ST italn laser-powered
data tranemis-ion syscems for (ommunications with the Lu.opean/
Africar GP and with the Asian GP tnit are assumed to follow in
several vears. fach piyloid housed would be asécsscd an amount
sufficicnl to recover the cost of the GP within 10 years, plus
yield a 10-percent annual return. Several GP's might be required

to accommodate all o! the payloads.

® Grouna opcrations - Mission Control would monmitor and regulate the
platformn performance.

Cost data - Cost estsmates were derived primarily from CER's applied to
design specification Jata.

© Non-recuriing costs (§M)

Space sepment 155.7
Ground segmuent 10.0
Transportation (4 Shuttles, 3 SCPS, 1 IUS +) 115.7

* Total 281.4

9 Annuai operating cost ($M) .

Spacy segment .
Ground segment - 10.0

Total 10 0 :
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System acquisition funding requirements (1977 SM)

TOTAL 1981 1982 1983 1984 1985
281.4 3.15 68.92 125.58 70.08 13.57 ’ "

55. LOW EARTH ORBIT BASE

Potential market area - A low earth orbit haze would be the focal site
for (1) orbital construction cf large structures, {(2) medical and genetic
research (see No. 50), (3) space processin? and materials rcsearch, ani
(4) processing of data from pnlar satellitrs prior to transmission to eartn.

Responsible agency - NASA
]
Assumptions/ground rules/limitations - The lot carth orbit bLase was
assumed to de simiiar io the snace station design generated in the McDounell
Douglas and Grurman space station studies completea fn 1277,

® gpace operations - The initial base was assumed to consist of a
habitation module with accommodations for up to nine personrel
and with on-board computers for data processing. Considerable
legacy was assumed from Skylabp and Spacelab. Additional m.dules
were assumed to be appended to the initial base a:z their needs
and justifications evolvea.

Ground operations - Lxisting facilities for nission control of
manned space operations were assumad to be mudified for support
of the space base. Four Shuttle flights per year were assumed
to be required for crew rotation and material excharge/resupply.

Cost data - Cost es.imates were derived from data in the McDonnelli Douglas
and Grumman space stdfion studies.

'
® Non-recurring cost (SM)

Space segment 292.0
Ground segment 10.0
Transportation 21.8
Total 323.8
® Annual operating cost ($M) ’
Space segment 87.2 ’
Ground segment 5.0

Total 92.2

System acquisition funding requireuments (1977 $M)
i

TOTAL 198 1982 1983 19834 1985 1986

323.8 2.33 51.97 109.07 101.39 49.24 9 80
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56. POLAR PLATFORM A

Potential market arca - Tie polar platform provides commoy housckeeping
functiods to several payloads at a considerable cost saving. The platform is
stationed In a sun-sync“roncus srbit. By having several operational payloaas,
each operatang In a different cembiaation of spectral frequencles while vicwing
a given area sim@ltancously, syu:xrgi~tic benefits can result. Unique combina-
tions of spectral responses van be eatracted from the various payloads to yield
data on resources other than thos: being surveved.

Responsible agency - NASA -

Assumpt ions/pround rules/limitations - the platforn was assumed to be -in
an orbit that repeats every 18 days. This repetition interval was too lomp
for wmany operational missions (e.g., crop furceasting). Two otber plactforms
(sve No. 59 and No. 6%) were assunwd Lo be emrluced at oac~year intervals—
tLeceby ac“tcvxug A sin=day reprat coverage. A ten-yesr 1ife vias assurued.
The platform users would be assessed a charge sufficient to recover ali costs
In ten ,cars plus a 10=perceat annul return,

® spuce operations = Data frea the polar platform was asscmed te
he refayed via DRSS to ground stations initially ang, eventually,
to the space base tor pratiminary precessiae.  The Shuttle coald
@clxvcr paylvads diectly to the platform.

° cround «peratiors - PPlatform operations were assumcd to be moni-
tered and regulated by a dedicated mission contiol,

Cost data = Cost estimates were generated by anaiogy to the geosynchronous
platfora subsy-ftem COstls.

9 Nondrocurring cost (M)

Spac e suepment 71.7 .
Ground segment 10.0 -
Transportation - 21.8

Total 103.5
© Annual operating Sost (SM)

Spiwe sepment —_
Ground segment 5.0

Total 5.0

System acquisition funding requirements (1977 $M) -
TOTAL 1983 1984 1985 1986
? 103.5 2.05 43.28 49.0! 9.16 ; .

' ORIGINAL PAGE IS

. OF POOR QUALITY .
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57. GEOSYHCHRONOUS PLAIFORM—EURCPE AFRICA

Potential market area - This 18 a Furopean/Africin version of the geo-
sync @onous platform thar vzs daveloped to service cthe U.S. (szc No. 54).

&e;pcnsihle agincy - Foreign government consortium.
Q

A ssumptions/ground rules/limitations - See No. 54,

Cc it data - See MNo. 34,

Sys"em acquisit.on funding reguirements (1977 §if)

TOTAL. 1983 1984 1985 1986 1987
28i.4  3.15 68.92 125.63 70.08 13.57

58 . LUNET'A DEMONSTRATION.

Potent 'al waarket area - Prior to the acquisition of the Lunetisz, a
demcnstrati- n ver-ion will be tested to vilidate its technological feasibility,
generate cfficiency data, and to ascertain public reaction.

Respons ble agency - NASA ‘

Assumrt fens/ground rules/limiatiors = Tie Jdomongtration version of

Lunetta i transportable and deployible by one Shuttle {iight. It was assumed
Lo be a ‘uil-scale version of a single orbital 1eflector and would be 800 feet
on a ?iJo. h

I
® S.ace operations - A stabllizatiou and control package (oif the

shelf) was assumed to permit ground control during the test
period. A low-thrust propulsion package (also off thg shelf)
was assumed to be an iantegral part ot the reflector. "The pro--
pulsion unit (approximately 5500 kg) would raise the 3000-kg
reflector unit from low earth orbit to 1its contemplated oper-
ational altitude of 4200 km (3-hour orbit). Performance tests
would be performed at intermediate altitudes.

© Ground operations - The demonstration Lunetta would be oriented
by gronn~d control.

Cost data - Cost estimates were derived by analsz: to other spacecraft
cost data.'

© Nyon-recuriling cost (SH)

Sprc: segment
Ground segmrent
Transpartation

N = U0

0.
0.
1.

WOO

Total 81.8
© Annual operating cost - Not applicable {test progrum)
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System acquirition funaing requirements (1377 $M)

TOTAL 1984 1585 190 1987
81.8 1.62  34,2: 38.71 7.25

99. POLAR PLATFORM B
0. POLAR PLATFORi C

Potential market area = These two platforms are {dentic.l with Polar
Plattorm A (&ee No. 56).  They reduce the interval between repeat overfliphts

from 18 days to & days.

Ruapunﬁﬂhlu aepey = NASA

Assumptions/prornd rules/timitations = Platforms B and C were assumed to
follow Platform A by one and two yedars, respectively (see No. 56). .

sost data - Cest estimates were derived by analogy to the peosynchronous
The followiap data apply to Platform B as well as C.

plaot.orm cost data.

e Non-recutring cost (oM}

Space sepment 43.0

Crognd sepneat (Acquired 1tn Ao, 50)  —

Transportation 21.8
Total 6L L8

9 Annual opeorating coct (+M)

Space sepment -—

Groummd segrent 5.0
fotal 5.0

System acquisition funding requirements (1977 $M)

TOTAL 1984 1985 19806 1487 1288

9 platform E - 64.8 1.28 27.10 30.08 5.74 —_

® platforr ¢ - 9.8 —_ 1.28 27.10 30.68 5.74

61. CLOBAL WEATHER AND RESOURCL BASL -

Potenttal marhet drea - Fven marpin:l improvements in weather forecast-
ing capability conld vield sfzable benefits.  lne Global Weather and Resource
Base operates in conjunction with the Global Fffects Monitoring payloads
{No. 29). and with data from other sensors to furnish a basis for longer

range and more accurate weather forecasts, .
Responsible agency - U.S. Goverpment tency (Department ,of Commerce)

-
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Asbumytlon%/ground rules/limirations ~ The base was assumed to consist
of two modules—a habitation module and ar cquipment module. Under normal

conditions, it would not be manned continuously but, rather, visited periodi-

cally. While some data would be telemctered to carch, other data would be
physically recover@d and returned to earth for analysis {e.g., high-energy
solar proton-detecting emulsions),

® Space operations - The base was assumad to be in a 400 to 600 km
altitude, 55-degree inclination orbit. 1Its variety of sensgors
and frequency of overflight wculd enable it to tie topcther data
from other sources. 1Its telemetered data were assumed to be
relayed via TDRS to a ground scation or to the space base tor
processing. The base was assumed Lo be revisited via the Shuttle
four times per ycar,

® Ground operaticns - A ground facility would be required for
control of the base during {ts unmanned periods.

Cost data = Cost estimntes were derived by analepy to modules described
and costed in the McDonnell Douplas™ and Cremman space station studies which
were completed in 1977,

& Nen-recurring cost (SM)

hpace sogment 500.0
Ground ecgment 10.0
Trancnortation 43,0 o

Total 533,6
° Annéal operating cost (M)

Space sepment 87.2
Grownd segment 10.0
Tot 1l 97.2

System acquisition funding requirements (1977 $M)

TOTAL 1985 1986 i 1350 1989
553.6 6.21 138,59 247,22 137.86 26.72

62 CZOSYNCHRONOUS PLATFORNM —ASIA -

Potentil marhet area - This platform is similae~to the U... {(No. 56)
apd European/African (NO.57) platforms, but services the Aslan area. -

Resnone {ble agency - Forelgn government consortium

Assumptions/ground rules/limitations - See No. 54.

Cost data - See No. 54.
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System acqulsition funding requirements (1977 $M)

TOTAL 1985 1986 1587 1988 1989
281.4 3.15 68.92 125.68 70.08 13.57

<]

63. LOW-THRUST OTV (SEPS)

Potential rarket area - A low-thrust orbital transfer vehicle (0OTV)
will be required to propel large, reclatively fragile structures that have
been erected or deployed in low carth orbit to their destinations in geosynch-
ronous orbit. The Solar Llectric Propulsion Stage (SEPS) is one of the leading
candidates for the low-thrust OTV.

Responsible agancy = NASA

Assumptions/ground ruvles/limitations - The SFPS configuration was assumed
to be basically that generated by the Space Division of Rockwell Intcrnational
and documented in Coneept Dejinition und Syaterms Analysis Study for a Solar
Electrie Propulsion Stage (Contract NAS8-30920), February 3, 1975,

Cost data ~ Cost estimates wuere based on data from the SEPS studies.

® Non-recurring cost (SM)

Space segment 193.2
Ground segment 10.0
Transportation 21.8

Total 225.0
® Annual operating cost ($i)

Space segment (borne by user) -_—
Cround scgment 10.0

Total 10.0

Systum acquisition funding requirements (1977 $M)
TOTAL 1980 1961 i932 1983 1984
225.0 2.52 55.10 10€0.50 56.03 10.85

64. HLLV-1 (SHUTTLE WITHOUT ORBITER)

Potential mirket arca ~ A pavload-to-orbit capabllity exceeding that of
the Shuctle will be required in the late 1930's. The Heavy-Lift Launch
Vehicle (BLLV) 1s based on evolutionary growth of the Shuttle hardware, and
consists of a*cargo pod in place of the erbiter.

Responsibie apency - NMASA

ORIGINAL PAGE Ib
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Assumptions/ground rules/limitations ~ The data assumed—both performance

and cost—were extracted from the Space Division's Shuttle Growth Study (Con-
tract NASE-32015), May 1977, Volume V.

~

6 Space overations - The HLLV design selected would have a
payload ~to-orbit (300 km, 28.5 degrees) capability of
233,000 1b (106,000 kg), at a cost of $12.83 million per
flight, or $55 per pound ($121 per kilogran).

® Ground operations - A mission control facility would be required.
Flzghts would be unmanned.

Cost data - Cost estimates were derived from data in the afcrementioned
study report and from the study costing personnel.

i
® Non-recurring cost ($M)

Space segment 1950.0 i
Giround segment 10.0
Transportation (test flight) 21.8

Total 1981.8

® Annual operating cost (SM)

Space segm?nt (borne by users)

ol
o
o

Ground segment .
Total 10.0
System acquisition funding requirements (1977 $M) ORIGINAL PAGE I5

TOTAL 1985 1986 1987 1988 1989 OF POOR QUALITY
1981.8  22.22  485.39 885.05 493.51 95.63

65. OTV (LARGE CHEMICAL)

Potential market area - Substantial payloads will need to be delivered
more quiclly to geosynchronous orbit than 1s possible with the SEPS.

Responsible agency - NASA '

Assumptions/ground rules/limitations - The OTV specification and costs
assumed were based on data obtained from the NASA Technical liemorandum,
NASA TM ¥-73394, Orbli Transfer Systens with Erphasis on Shurtle Arzitewsions
—1986-1991 (April 1977). -

+

® Space operations - The all-propulsive version was assuned. 1t
would have a geosynchronous orb’t round-trip capability of up
to 3600 kg (8000 1b) in the dual-stage-per-Shuttle mode; this
might be sufficient for tiansporting a2 manned module tc gco-
synchronous orbit and back. ‘
® Ground operaticns - A mission control facility would be required. The
OTV would be recovered for ground refurbishment.
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Cost data - Cost estlmates were derived from data extracted from the

aforementioncd report.

&,

® Nop-recurring cost (S$M)
Space segment 600.0
Groud scgnent 10.0

Iransportation {(test £light) 21.8
Tetal 631.8
© annual operating costs ($M)

Space segment (borne by users) —
Ground segment 10.

Total 10.0

(=]

System acquisition funding requiiements (1977 $M)

TOTAL 1981 1982 1983 1984 1985 1986

631.8 (19.14) 4.55 101.42 212.77 197.8, 96.08
R&D N ’

RECOMMI'NDED PLAN SUMMARY AND CONCL''SIONS

Anrual fund.~z requiremznte develored for each recommend.d opportunity

were aggregated by year for each of the four funding source categiries; these

data are -hown 1n Figure 1€9. 2htuttle/Spacelab funding was omitted to permat

focusing on new opportunities. The (€83 peak in other U S§. Govermnment funding
[
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Flgure;109. Cumulative Expenditures for Space Industrializatlon
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is due primarily to No. 2, Electronic Mail ($779.04 million); and Nn. 48B, - -
Solar Power Systen llevelopment {($930.24 million). The HnSA funding require-

ment peak in 1987 1is due largelv to No. €., liLLV-1 ($885.05 million), and

to No. 32, Microwave Radiumeter ($282,04 million) acquisitions.

Although NA3A may not be diréctly funding a major pofiion of the oppor-
tunities described, it could be responsible for managing most of the develop-
ment programs for the non-NASA opportunities. NASA already has experienced-

" personnel; other agenciles wauld have to acquire space hardware development
teams for what are essentially single developments. Substantial savings und
increased efficiencies would result from the use of existing NASA personnel
and teams. Immedlate action should be initiated to alert other government
agencies of the potential benefits from many of these opportunities in order
to preclude foreign Inroads into the advanced technology of the aerospace
market. If foreign agencies capture a significant technological lead and
demonstrate proficiency in the development of space hardware, it will become
increasingly difficult to direct foreign space business to the United States.

No creaence should be placed in the downward siope of the funding curves
in 1988, 1939, and 1990. This results because no second-generation develop-
ments were included. They would have required hlghly speculative assumptions
and funding requirements that wouid have compromisea the validity of the
funding ag:regates shown. The recormended opportunities will spawr addi-
tional space ventures, unforescen today, that will reverse the downward
slopes. Horeover, the ten-year on-orbit lifetimes of many opportunties will
be nearinz term:nation and therefore will necessitate system replacement or
refurbisrment,

The 65 recommended opportunities were analyzed to determine the Shut.ie
traffic to be generated annually by space indirstrialization. Figuieil0 shows
the rumber of Shuttle flights (by year) that would be neces sary to implement
the reg,mmended opportunities. The data are conservative because they assume
all-success programs. They show that in the second half of the 1980's,
approx:imately 4C flights per year wili be required to support just the recom-
mended space Inzustrislizatiza opportunities.

tthile the actual cost of some of the service opportunities may appear
higk, the numher of persons that could benefit from the service is very large.
Consequently, the annual per capita "opportunity availability" cost is low.
For example, the annual per capita cost of having the opportunsity to make use
of tic service osfered by a pocket telephone or direct-broadcast TV is ous the
order of SU.33. The annual per capita costs of some representative orportun-
| ities are shown in Table l4. These are opportunity availability costs, and
| do not include the costs of actually using the service if desired.
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Figure 110, Shuttle Traffic Schedule—Plan B
(Space Irdustrialization Only

Table 14 . Annual Per Capita Costs of Representative Opportunities
(Basced on Capetal Recovery in 10 Years at 107 Per Year)

Cost Per Capita

Anchor Opportun-ty Per Year (USA)'
3 Pockel telephones $ 0.33
4 Din::t:t. brodadcast cduc. tion (5 channels) $ 0.32
11 World medical advice center $ 0.20
14  Medical aid and inforration ¢ n 37
21 National information :ervice (Library $ 0.39

of Congress)

28  Crop measurvment $ 0.23

'Coscs shown are systet costs and do not include user
charges.
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PROCRAMMATIC ANALYSIS OF ALTERNATIVL PLANS

o

INTRODUCTION

During Part 1 of the study, four distinet program plans (scenarios) were
developed. Plan A assured that in 1937 the decision would be made to procead
with the immediate acquisition of an S°S by one of two alterrative approaches.
In Plan A1, a lunar bases and material nrocessing facility would be constructed
and the 3PS produced frum basically luiar materials. In Plan A;, the SPS
would be constructed from terrestrial materials. Plan B assumed that in 1987
the decision was made not to build aa SPS. Under Plans A, Az, and B it was
assumed that the Department of Lnergy would fund those aspects of the geusynch-
ronous platform development that were directly applicable to the SPS technology
development prog-am. Plan C assumed that all SPS activity would be halted in
1982, and that NASA would bcar the full cost of developirg the geosynchronous

‘platform. A drawing of such a platform is shown in Figure 111 (Dwg. 78255-1G2).

At the conclusion of Part I, Plan B was chosen as the Laseline recommended
plan for detarled analysis during Part II. The previous section reported on
%he analysis and findings pertaining to Plan B. 1In this section the program-
Tatlcs of Plans A;, Az, and C will be examined.

SCOPE AND LIMITATIONS/APPROACH

n

cursory analysis was made to determine key incremental programs necessary Lo
implement Plans Ay and Az, and gruss cost estimates were generated on these
items. The cost estimates for the initial years of SPS acguisition were <pread
from 1923 through 1990. Plan C was basically a re-allocation of resvurces.

. The 65 recommended opportunities are essentially common to all plans. A

TECHNICAL DATA

Plan A (Lunarz

The major programs included in this plan were (1) a.lunar base, (2) lunar
industrial (material processing) facilities, (3) an earth-to-moon transport
vehicle with a manned capability, (4) a lunar orbit-to-surface-to-orhit Shutel. ,
and (5) the SPS construction including a ground station. The total noa-
recurring cost resulting in the coastruction of cne SPS was estimated to be
on the order of $47 billion (1977 $). During the initial three years, the
funding requirements would be (1977 $M):

1988 1989 1990
NASA 629.0] 2943.0 | 4488.5

U.S. Government agency . .
121, 742.5 | 1816.2 :
(Department of Energy) ] ’ ORIGINAL PAGE 1B
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Plan Az (Terrestrial)

The key programs included in this plan were (1) a large, manned orbital
transfer vehicle, (2) s single-stage-to-orbit heavy-1ift vehicle (Star-Raker),
and (3) the SPS itsclf including a controllin;, ground station. The total non-
recurring cost for buildirg one SPS was estimated to be $41.5 billion. [he
funding requirements for the initial three years (1977 $M) vould pe:

1988 ° 1989 1990 .

NASA 175.2 944.3 1831 4
U.S. Government agency (DOL){135.0 825.0 1878.0

Plan C

In this plan, NASA funding was increased to cover the share of tbh~ cost
of the geosynchronous platform devclopment, assumed borre by DOE in Plan B
($187.5 million).

A comparison ¢f the funding requirements under eich of the fonr plane qr
shown in Figure 112. SPS funding (DOE) 1s shown addcd ro the Plan B NASA
funding. Shuttle ard Spacelab funding has been omitted 1o order td focus or
the other space industrialization funding requirements {rom 1981 thiough
1984. The recommeaded opportunitiec were found to be common to all plans
until 1987; therefore, the bottom cuive applies to Plans A, Az, and B .
between 1980 and 1987. i

PROGRAMMATIC ANALYSIS SUMMARY AND ZONCLUSIONS

?He SPS support level and technological success constitutes the 'y
determinant governing implementation of tha alcrernative plais. Severas inda-
cators should bz monitored to track the likelihood of 1mplemnntation of SPS.
Among thesc are the SPS development funding levels, succe-~ss of fusion research,
foreign intcrest in SPS (potential for cost sharing), and exar :rbation of
pollution from fossile fuels along with deleterious climatac impacts.

Conceivably, evenrs could accelerate the 1987 SPS decision by one or
even ten years. Raccently reported findings of metallic titanium, siiicon,
and aluminu~ in the Soviet Luna 24 core sample could favor earlier schedules
fer luuar missions than those shown in the baseline plan. Confirmation of
metallic deposits from these missions would favor implementation of Plcn A.
On the other hand, UN decisions strongly opposing utilizat on of lunar resources
fos naticnal parposes would tend to favor Plan Az. Reduct on 1n SPS development
funding or cancellation of the currecntly planned SPS activ.ties would favor
adoption of Plan C.

Events during the next three to five years will stronzly andicate rhat
the 1987 decision will bu. -

’
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OFf 1977 ] )
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[ ]
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- — PLAN B
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0 b 1 ] i M L 1 MY I | A1
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CALENDAR YEAR v

Figure 112, Comparative Annual Funding Schedule (NASA)
(Space Industrialization Only)
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y SUPPORTING RESEARCH AND TFECHNOLOGY

The follcwing are items of supporting.research and technology recommenda-
tions per Data Requiyement SE-243B. The noture of this study is such that the
SRT items are generally system studies or technology area studies which would,

in turn, vieid specific items of technology needed to support that particular
objective,

GEOSYNCHRONOUS ?LATFORM

Statug

A quantium jump (ovar current exponential expansion) in commur.ication
services is provided by the Geosynchronous Platform. A vigorous pace of
technology development is indicated, but no breakthroughs are required.

Justification

The use of communications sateliites at GSO 1s expanding expotenciaixy
world wide. The beneficiaries on earth can proliferate as the size and cost
of ground stations comes down. If major services such as pocket te¢liephones
and direct broadcast TV can be provided with ground vnits of a few hundred
dollars each or less, than a great number of people would benefit,

Technical .Plan

Ovjective

To develop a design for a large, general purpose platform located at GSO
that provlides a dramatic increase in beneiits to earth at a lower ovarall cost.

Technical Approach

In tno next few years, communication satellites in GSO will proliferate,
providing many services to businesses and countries with moderately priced
ground stations. The quantum jump beyond that is to provide services directly
to individuals via ground units that are aifordable by virtually everybody in
developed countries and to a large number of people (millions) in devéloping

countriés. There are many unresolved questions, the most important of which
are:

1. Since the easiest frequencies get used up first by those
who can afford to be first, what is the proper approach
to frequency allocation where the objective is major

7 benefits tc willions or billicns of people?

2.

Since the sarvices provided will becoue increasingly vical,
what is the beust appronch to reliability, updating, etc.:
small satellites with an on-orbit spare designed for no
maintenance; a large GP with sophisticated teleoperators -

(Telegommunicated Astronaut) on board; or manned sortie
maintenance and updating? ’
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3. What is the optisuvm transition from current practice and
when should this transition occur?

In the study of a Geosynchronous Platform the follcwing specific task
subjects should be considered:

Q
o Yeslign

Sizing N

Mainienance and Updating Methods

‘e @ ©

Services Provided

Growth Policy

International Usage and Financing Policy

o o ¢

Services Provided
RF Band and Bandw'dth Utilization
Ground Systems Costs

Coumercial Revenuas

e ©6 o 2

Advantages over Proliferation of Small Satellites

Synergism sith Other Space and Grousd Systems
Merall Benefuits

e Piovlems and Opposition I'xpected

-] Cost .

Resource Requirements

An initial study of approximately $500K is warranted. Beyond that, a

major Geosynchronous Platform would cost approximately $600M through the first
operational amount.

Target Schedule

Our study indicated that this is the best investment for mankind of all

opportunities cons:dered. Therefore, it should proceed at a rapid pace with
operational status by about 1986.

INFORMATION SYSTEMS MARKET ANALYSIS

Status .

The original NACA and the NASA has had the charter to conduct research
and development in specific areas benefiting the national interest. In the
information systems area, the NASA tendency has been to withdraw rather than
lead. It could well be that rnis withdrawal comes from an expauding market of
unprecidented importance and at a time of unprecidented need for the United,
States to find areas of relief in balance of payment deficits.

.~
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Justificativon

For the first time in this century, the U.S. finds itself with no clear
world marketplace leadership in any arca (except perhaps for agriculture).
Our balance of payments deficits are gigantic and the old proud term sound as
a dollar is now a jore. With imeginative leadersuip, we cculd do muca toward
satisfying world needs and at the same time improve our own future by becter

penetration of the world market in information management. - Space nas a ma’or
role in such an endeavor.

Technical Plan

Objective N
To determine if NASA should re-enter the information systems techrology

development field in a big enough way to be a major factor in the abil:ty of
United States companies to penetrate this market.

Tech.iical Aprroach

This would be an in-house effort by a flue ribboi, NaSA committce, aided
by consultzation with Iindustry.

POLAR PLATFORM

Status

Irdividual payloads not necessarily associated with the primary mission
of the spacecraft rre routinely integrated intc satellires and placed into
orblt. However, the piggybuacked payloads are usually simple in teims of power
requirements, size and data generated. The roiar platform would nezd to be
capable of housing several large. primary payloads. A significant portion of
the technology would have been developed in support of the goosynchronous
platform that would precede thie polar platform by approximately one year.

Justification

Sevecal operztioral (as opposed to developmental) missions have been
identified thar require acquisition of data from multiple sensors in a sun
synchronous orbit. 8y incorporatlng these payloads on a common platform, the
cost of the housekeeping functions can be shared by the payloads and each can
participate in the economics of scale. Additlonally, an important uvenefit
would be tne availability of data from a combined total of several dozen
sensors, all recording simultaneous impressions of a conmon scene. Extrapolat-
ing from results achieved by computer manipulation of Landsat A and B data,
the synergism thus created would undoubtedly provide unanticipated data on
-other valuable earth resources than those being surveyed. Tna simultaneous
relay. af.large amounts of data (via TDRS) would require tecnnological advances.

}
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Technlcal Plan
12

Objective

To develop g design for a general purpose polar platform that would be
placed in sun-synchronous orbit and provide housekeeping support to several
discrete ooservational payloads at a substantial cost savings over using an
independent 5atellite per payload.

Technical Appcoach R

Several different observaticnal {sun-synchrcnous) missions appear
merjitoricus. Each could be implemented incependently. However, the use of a
cortmon platform would provide tvo major benefits. First, economics of scale
would enable several payloads of semsors to be supported at a lower cost.
Second, by having all of the sensors in the various payloads simultznecously
viewing che idertical scene, analyses of the synergiscic results could enable
the extraction of data well beyond thac which would be furnished by the sum
of the individual, unsvnchronized payloads. Acquisition of data frowm diverse
senscis in tiie various payloads could eliminate the need for additloéal
icdxcated payloads.

ey emphasis in the prcposed work should focus on three lnterrelated
technology Lssues:

1. Level of Modualarization - Should entire payloads be designed as
single, detachable modules or sl.ould individual sensors be
%odular}zed. -

2. data Compaction and Trarnswrission - How should the coﬁious data

generated be handled? It will need to be relayed via TDRS. Can

radio frequencics hundle it or would laser frequencies be required?

1f rzdro, then at what frequencies? 1f laser ~ to where? Space base?
Earth station? Laser alteration/distortion thrcugh clouds?

3. Sensor Cooling - Certain sensors need to be cooled to cozogenic
temperatures tor efficient operation. Should cooling be a house-
keeping (1.e., platform) function or should each payload satisfy
its own sensor cooling reaquirements.

Analysis and resolution of the above interrelated 1ssues would constitute
the initial task of the proposed efirct. The second task would focus on pre-
liminary design of a typical pla:form with particular emphasis on weight
because of the limiteu Shuttle weigat gapabil ty to sun-synchronous orbit.
Included in the design task would b coasiderations of oayload/sensor replace-
ment, platform growth, and on-orbait matntenance. In the third and final task
an economic evaluation would be mace chat wouid compare the merits of the
general purpose platform over the ccnventional individual, dedicated satellite
approach. Also in this task, varinus methods would he devised for assessing
the platform users for the platform acquisition and operating costs.
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Resource Requirements

The preliminary design study described would require approximately
$350,000 and one year to perform. To develop and construct the Polar Platform
would require an estimated $70 million (plus ground facilities and launch costs)
and would require approximately three years to build (excluding payloads).

Taxget Schedule

1f the anticipated benefits of a general purpose polar platform are con-
firmed by the proposed study, then its construction should receive high priority.
The data to be generated by the several earth observational payloads that would
be carried aboard the polar platform has an urgency that zarriss avar ta the
wwastruction of the payloads and, hence, to the platform for carrying the
payloads. Conséquently, the polar platform should be scheduled to be operational
by 1987. i

GLOBAL SPATE BENEFITS FORECASTING

Status ..

The creation of wealth and betterment of mankind's fortune, using space, is
widely accepted in principle, but confusing in specifics.

Justification

There is increasing public dialogue and interest in the high frontier of
space. Evidences of this interest range from pure fiction, like Star ¥Wars,
through colonization on down to the reality of operarional COMSATS. This public
dialogue extends into the Office of Management and Bidget and Congress, who are
trying to separate real and beneficial possibilities from unreali§t1c dreams.

Technical Flan

Objectives

Conduct continuing study that encompasses a global multi-discipline and
futuristic outlook complied with realistic knowledge of technology, systems,
schedules, and costs.

Technical Approach

Conduct studies that go across the board of future possibilit.es to keep
valid data flowing to an intercsted public media, congress, etc. The study
should attempt to balance near and far objectives and emphasize people oiricited
benefits. Realistic costs should be developed for specific, promising alterna-
tives and communicated in terms of percentage of GNP, expendatures .n other
areas, etc. Wide participation of experts both wWithin the aerospace field and -
outside, but potenfially related fields should be developed using consultants,
working groups, symposium participation, ete. Results should be freely dis- - =
seminated to both national and world audiences and the resulting dialogue made
available to NASA in formulating NASA policy. . .

e
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LUNETTA

Status

There has been vir® .ally no disciplined, funded studies to either confirm
the promise of beneficial uses on refle:ted light or dispute their practicality.
It is a major technologicati step, but rn>t a giant one, i.e., more like another
of the century series aircraft (F-100, 101, etc.), rather than an Apollo sized
endeavor.

Justificacion

As the population expands, the major metropolitan areas of the world will
BiGw. A‘fhnunh energy is scarce and erpensive tnese cities must have light.
It is possible that major saviugs in conventional energy usage and lighting
system costs can occur by using Lunett.s rather than couvantinnal lighting
technlques. .

Technical Plan

Objective i -
To develop a deqxgn for a set of orbiting reflectors that provide the
lighting needs of most of the major cities of the world.

Technical Approach ! -

As we develop large space struc:ures for a multitude of reascns, we want
to move toward systems that work with cheaper and cheaper ground units”so that
even larger segments of the population can directly benefit. The Lunetta is
nearly the ultimate of this approact — nothing is required of the recipients
except their eyes. The best utility of Lunetta is also its drawback: The more
the service is provided around the globe the more cost effective it becomes,
but the more difficult it 1s to implement. Certainly the system would be
designed to not pcovide light where 1t is not wanted by the majotity in that
location, but there will undoubtedly be people there also that' obJect to it.
Also, the shaiing of cost between trich and poor cities and the value of light
being globally available for major emergencies makes the funding Artangements
difficult. Therefore, the key task that should be undertaken is the overall
merit of the idea versus its cost and social problems. Specific tasks would
include:

° Design

o Size Optamization

@ Constructicn and Repair Heghods

e Effectiveness 3 ..
" o Public Acceptance .
N ° Economics - .
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o Relacionship to SPS and Other Large
Structures Developments

@ International Financing
o o Environmental Effects -

® Cost

Resource Requirements

{
Justification

An 1h#;ial uerit study would cost approximately $300K. Implenentation
of a global system would cost about $2.738.

Target Schedule

-

An initial demonstration should be about 1990, with a fully operational
system within five years of that date.

LEO OPERATIONS BASE

Status '

No significant tech ‘cel barriers stand in the way of permaneﬂc manned
occupancy of space.

Space gtations have been studied since at least 1961, but h§ve never been
fully Justifled. There 1s no technical barrier to such a facility, but 1t must
be fully JuStlfled in terms of both seience and direct benefits to human needs.

t

Technical Plan

Objective

To define the appropriate
missions to permanent presence

Technical Approach

The problem 1s not really
political and social. Studies

evolution from long duration Shuttle/Spacelab
of man in space.

oo -
P

technical in nature, but rather economric,
should be initiated that provide contractors to

participate’ fully in the growing public interest in space and the young people's

dream of personal irvolvement.

bl
i

Tasks should include:

] International Involvement

o Mission Requirements

¢ © Relationship to Orbiter/Spacelab ;

e Man's Role . . -
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o Evolutionary Growth
© Modular Versus Utilization of ET
6 Spacelab Based Versus Originel Design
o Sizing
- e Timing

Resource Requirements

A 12-man space base could be placed into operation for less than $1E
1978 dollars

Target Schedule

Any program of this magnitude takes at least five years from serious
commitment to initial operating capability. This space base should be in
operation either in 1986 or wait until about 1989, depending on how muca
on-orbit extensions of time and power we decid: to add to Shuttle/Spacelab
and our decisions on the overall pace of the space program.-

- I'4

SOLAR ELECTRIC PROPULSION
SEaCus
Status

Solar Electric Propulsion (SEP) systems have been studied for more than
a decade. 1t 1s clear that small extensions of current technology coluld
quickly result in a low technology SEP. Hecvever, 1t may be more prudent to
gp immediately to a higher technology level in full synergistic cooperation
with overall solar power system developments including SPS.I

Justification

Energy 1s abundant in space and 1s getting increasingly limited on the
earth. Therefore, the use of space energy for space propulsion purposes 1s
desirable and prudent. -

Technical Plan

Objective

To accomplish inter-orbit logistics and planetary exploration with a solar
povered spacecraft having low thrust, but extremely high specific impulse.

Technical Approach
A}

The question of a two step (i.e., current solar cells, arrays, etc., and
merciry engines versus SPS-type solar cells, SPS array construction and argon
engines) approach versus one more advanced” §tep is unresolved. The results of
this study suggest the latter, due to the synergism between SEP, power for Lse
in space and SPS. However, both one-step and two-step approaches have valid
merits. A prc-Phase A study is suggested, concentrating on this question, but;
considering other tasks as follows: - ‘

"
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Design .
Mission Arnalysis ‘
Propella;r Selection . )
Solar Crll Type
Solar Cell Array Configuration.

© © © © o'

Trip Times

Ton Engines

L4

Eclipse Effects
e Loading, Unloading, Refueling, Etc.
| o Lifetime, Reliability and Maintenance

o Cost

Resourc2 Requirements

Th.e small stuﬂy suggeéted wr 11d cost approximately $300K. Total program
costs lepend on the approach chosen and the cost sharing of technology aspects
with cther programs. ' . ‘

Tareet Schedule

With either approach, the SEP should be operational in the mid to later
1980°'s.

HIGH TETCHNOLOGY CRYOGENIC OTV
Status

The technology state of OIV's reflects decisions by NASA, DoD and ESA,
several years aéo not to pursue the high technology upper stages, but rather
postpone that work and get by with interim technolugy and intermediate
“performance.

Justification

The space transportation svs“em (STS) is incounlete without the theme ct
high performance, wanned rel-ability, and reusability being 1incorpo.:ted in all
trarsportation elements. Many {(even most) of the Suuttle payloads and payloads
of even larger bLooscers in the future nced to be in high energy orbits.

Technical Plan

Objective .

To define a new generz2tion LH2, LO2 Orbit Transfer Vehicle that meets a
wide spectrum cof future needs including marned missions to GSO.

-
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Technical Approach

The basic technologies of cryogenics, hydrogen oxygen engines, composites,
electronics, eic., would allow the development of aa OTV that fills a wide
variety of needs well into the next century. [t should, therefore, be developed
with key future requirements in(plnd i.e., both lou and high thrust modes,
fully recoverable, capable of being man-rated, ana Shuttle compatible. Key -
tasks 1include: .

¢ Missions

s Sizing

° Design

o When Needed
¢ Reliabilicy

o Use of RCS as Low Thrust Back-Up to the
Main Engine

o Refucling
o Maintenance
o Payload Installation .

o Cost

Resource Rz2quirefients

Thie progran should follow the classic phased program development steps
<nd be 'shared in cost between all users, particularly NASA, DoD and DoE It
is expected to cost about $1B 1n 1973 dollars.

Target Schedule ’ -

The OTV should be operational in an unmanned model iz 1987. The zddition
of a manned module payload would bte subsequent to that by three to ten years,
depending on m:p$sion requirements and manned versus unmauned operatioms in GSO.

MADE- IN-SPACE PRUDLCTS
Status

The curreat demonstrated technology tor space processing is generally not
sufficient for private investors to risk larie capital on a specific productl.

Justiiication

The promise of a major 1industrial harvest from space has been suppocrted
by numerous studies and a few actual experiments that were conducted on space-_
flights and sounding rockets. None of these appedr to yet have the teclnx-al N
and financial basis to justify the commercial investment of large sums of marey
before more experiments and demonstrations are conducted. =

1 '
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‘technical Plan ’ ) i

-t

Objective

LA iR A

To set the stage for an avalanche of new products that are uaniquely. N
derived from utilization of the enviornment of space.

Technical Approach » L

Continue the cn-going work in space processing with particular emphasis
on developing ha¥dwate to conduct numerous experiments on early Shuttle flaghts.
Develop a precedent urderstanding between government and industry thar will
provide government support for the early, high-risk phases, but let irgustry 3
bring in 1nvestm¢nts and retain proprietary rights appropriate to traditional - 3
research and development operations in their competitive industrial environments.
i

13
Resource Requirements
Al -

Refer to USFC long-rany: plans in this area.

e o

Target Schadule ;

It is vital that space processing exper.ments be carried out on a “road .
basis i1n cthe early 1980's. As the results become available, significant plans .
for commercialication should be developed on a product-by-product basis. ;/

LARGE SPACE STRUCTURES
Status

Studies, ground subsystems developament space experiments have been carried
along for most technology areas necessarv for large, manned facilities in space.
These were almed toward the concept of a laboratory in space. It seems certain
now that space construction is a more significant program driver than space
experiments. Thas recent chift spotlights emphasis on the key area that was
left out of the previous on-going work, that of Large Space Structures.

Justification

The main justification for large space structures comes {rom: (1) SPS,
(2) complexity 1nversion, <nd (3) power needs for on-orb*t activities. Sclar
Power Satellites (and to some extent Lunettas or Solettas) are the most
ambitious, but alsc most important o:f the long range space utilization cppor-
tunities since they relate to the critical 1ssue of terrestrial ene.gy.
Compiexity inversion (with the goal of making ground segments of a system so
small and inexpensive that millions of units will be directly interfacing with
the satellite) also talkes larpe space structures, both for antennas and pow.r.
Finally, many of the attractive made-in-space candidates would teke multi-
hundred kW of power in spéue 1f hundareds of tons per year were Lo be processed
in space and utilized on earrh. This requirement, pius a potential need for
solar electric.propulsion (SEP) rakes large solar energv needed 1n space for
in-space power. All ot these require large space structure technolo,y.
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Technical Plan : i

Objectivé )

To develop large space structure technology
ing coutinuous space [ahrication processes.

on a broad front, but emplLasiz-
Technical Approach -

The foliowing arcas of technology sliould be ine

N 3 luded in the large space
structures approach: )

©  Space Fabricat fon
® Modeling and scaling Laws

e Ground Tewt Yalidation I'rocedures

— °- Orul}ctMASscmhly Uperations )
® Assemblv and Fabrication Afds and Machinery L
° Role of Man/Space Cybernetics ‘
©  Large (Flexible) Platform Attitude (ontrol )
© long Life Films and Reflector surfaces 4
~Q Loag Lite tomposites
o Struo.curing bigure Cortrol and RF Pattern Control E
Resource Reguire ments 1

To be qclcrmxncd (Reter to Langley Research Center ATLAS program).

Tareet s hedule -

{
gperacional systems are

needed as soon as practical.
Spaee Ineririalisario: plan

The recommended
calls tor a quantim Junp 1n the information
transmission and vbservation areas by 1987, and multi-hundred kW power s\stems
a year carlier.  Therefore, the basic large structures technology should be -
carh enouph to support these operationdl svstems and progress from there
towar 1 an operational SP's by the turn of the centurv. - }

SULAR +HULOVOLLIAIC SPACE POWER SYSTLMS

Status '

-y Selar pootovoltaic. nave probably the most
théc and terre~trial cnerrvy options.
rozantic rather than teonngeal
Neeess>ary tu mahe

public support of all ot the
this support i~ larpely

and tar reacaing advancements i technology are
J realaty . )

however,

these dreams

‘
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Justification

Abundance of power and energy has been one of the traditional hallmarks
of successful industrialization on earth and the indications point to a similar
requirement for epace industrialiaation.

o
Technical Plan

Objcctive

To develop a set of evolutionary designs for thousands, millions, and
billions of watts generated in space for in-space use — in full cooperation
with corresponding studies of even larger amcunts of power generated in space
for terrestrial use.

Techn:ical Approéch

For both terrestrial and space power systems, the cost per watt of solar
photovoltaic systems needs to be reduced by about two orders of magnitude from
current prices. In addition, the space systems need to become much thinner
and lighter and to maintaln high efficiency over several decades of operation
in the space environment. Ga Al As cells offer a reasonable possibility f£
achieving these goals for SPS. For terrestrial applications, siliccn and .ther -
materials show some promise of meeting ine cost goals set by DoE. The basic
technology of solar photovoltaics, possibly in conjunction with solar heating
and cooling (terrestrial), should be vigorously pursued. Tasks should includ.:

e Similarity te SPS Development Program
[ Requirements and Timing of Requirenments
'} Overall Designs

® Solar Cell Materials

8 Cascaded Systems

@ Array Structures

e Energy Storage

e Lifetime/Degradation/Reliability

o Methods of Construction

e Cost

Rescurce Requirements

Refer to DoE plans for terrestrial applications and NASA SPS plans for
space application.

Target Schedule

Progress is incremental and related to funding level. A technology readi-
ness level should be achieved by 1987 that would be a significant step toward
later zoals and usable In the mid 1980's as operational systems.
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SQLAR PHOTOVOLTAIC TECHNCLOGY

Status

Recent advanceb in the Ga Al As solar cell techuology have shown that cells
can be manufactured that have an operating efficiency of i7.5 percent at AMO
and 28°c. The cells produced to date are laboratory-type cells ana the largest
cell fabricated 15 2x 2 em. The cell has the potential of obtalnxng a 20
percent operatxng efficiency, but continued development work 1is required in
order to meet this goal. - -

Justification

The Ga Al As solar cell uppears to be suverior to the Si-type cell that is
presently in use. The Gu Al As cell has the potential for higher efficiency,
lower weight, iireased performance it elevated temperatures and nore resistant
to ionized radiation compared to Si cells, ‘1he use of Ga Al As cells in
advanced spacecraft will result in a higher power capability w;th reduced
degradation from thespace environment.

Technical Flan

Objective

Develop advance Ca Al As cells and demonstrate tneir performance and
reliability for space application. Aralyze the manufacturing processes and
design improved techunique and equipment that will result in the manufacture of
hign efficiency and low cost and weight cells. Tes: and characterize the cells
to the space radiagtion envircoment.

Technical Approach

Analyze, design and fabricate prototype cells. Determine characteristics,
materials, and tolerances that affect the periormance of cells and upgrade to
improve power output and voliage rating. Measure a and € of cell, covers and
cell stackh. Determine effects and assess impact | of reducing juncrion thickness
on cell performance, manufacturing cost and galeum availability. Investigate ~
and develop improved cell interconnects for large production rate. Assess

cptimum cell size based on cost, production array, blanket fabricction tecuniques’

and stowage and deployment constraints.
Mass production of the cells wlll require a review of the manufacturing
concepts and selection of the concept whach appears to offer a high manufactur-

ing capability wicth low cost such as the metal oxide — chemical vapor depo.ition

(CVD) process. The prcecess variables, tolerances and the equipment size have to
be defined. Lstablish production yields, process times, manufacruring costs

and plant sizc which are necessary to determine producticn rates. Define
facility requircements and cell costs. Analyeze the gallium cycle for recycling,
minimizing losses and reduction in gallium content for cell perfornance.

. s 5
Conduct detailed analyses of the cell structure to determine methods and
designs to increabe tha radiation resistance of 5a Al As cells. Perforn

" -
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anzlyses and computer medeling of the devices to determine their pertormance
in the radiakion enviroament, Conduct radiation tests on space-type cells
and reflector specimens and correlate and compare data with math models.
Develop and evaluate techniques to minimize rad:ration degradatisn such as
thermal annealing ofégells, increased thickness of reflector’coating, develop-
ment of increased radiation hardened solar cells, etc.

Resources Requirements
<

To be determined.

Target Schedule

To bz determined.
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